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\ veling & Porter, J td, 
mel ry L 
S team 
Road Rollers & Tractors. 


LID. 


YARROW * “GisScci_ 
PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT. VESSELS. an 


les Limited, 
MNGINEERS, IRLAM, MANCHESTER. 
FEED WATER HE. ATE 
CALORIFIERS,  AVAPORATORS, 
teeta d AIR HEATERS, 
EAM anp GAS KET 


Merrill's Patent Bly’ STRAINERS 
mp Suctior 
SYPHONIA Sr BAM 1 TRAPS, ene VALVES 
High-class GUNMETAL STKAM FITTINGS. 
ATBR SOFTENING and FILTERING. 5723 


Row’s 
PATENTS. 





AG. Mumiora, 
OULVER STRERT WORKS, COLCHESTER. 
On ADMIRALTY aND Wak OFFICE LIsTs. 
NGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 
See Advertisement, pages 24 and 25, last week. 


SATENT WATBR-TUBE BOILERS, 
AUTOMATIC FRED EBGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


ohn H. Wilson & Co. ,Ltd., 
Birkenhead. 


See Illustrated Advertisement Page 79. 








ocomotive shunting ranes 


Steam and WM icetric Coie 


EXCAVATORS, Mia REN GRABS, 
CONCRETE-MIXERS, 
SHIPS’ WINDLASSKs, WINCHES, and 
DECK MACHINERY 


List oF STANDARD § Sizms on APPLICATION. 


ondon Office: 15, VICTORIA STRERT, S.W. 1. 
OIFY WHLDLESS STBET CHAIN. 


rie Strongest (Shain ah 
IN THE WORLD. 


Sole Manufacturers: WELDLESS Sarre Lrp., 
5o, WELLINGTON STREET, GLASGO 


ank Eoceintieea. 


ayeniasies and temp oot equal to 
Main Line Locomotive 
R. & W, HAWTHORN, LESLIE * co., wae A 
ENGINEERS, NEWCASTLE-oN-TYNE. 


ieee Hoenn & K irk 
PATENT 


RS. See 12, Dec. 29, 
Sole Makers ; SPENCHIE BONECOURT, Lrp., 
Parliament Mansions, Victoria St., gyn Bey 8.W. 


Prine ()ftce. 
Mechanical and Structural work undertaken. 
Special machines and plant designed and super- 
vised during manufacture. Contracts for plant 


handled for inspection or complete supervision. 


PROGRESS ENGINEERING DESIGN CO., 
66, Victoria Street, London, 8S. we + 


Telephone No.: Victoria 6162. 


J. Davis, M.1.Mech. E. 


e Gas ~_ nes Inspected, Tested ani 
Reported U ver 25 years’ ex ce. Tel. : 
736 and 137 tratford. Wire: “ Ra , London,” 
—Great Kastern Road, Stratford, H. 15. 1704 
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team Hammers (sith eS 


ag es), Hand-worked or self 
TOOLS for §. PBUILDBRS & BOILERMAK 


DAVIS& PRIMROSE, Luoars Loren, Lerru, EDINBURGH. 


Peaningtons, University 
TUTORS, 254, Oxford Road, eee, 
Estab. 1876. Enrol now for 1.0.B. and I.M.B. P. 
Courses. Sth Per sent. nesnes lant 
Concrete—a new comprehensive course under 
expert engineer, £3 3s, Write for particulars. 968 


sane Dorling & Co., Ltd., 


FORD. 
GH-CLASS ENGINES FOR ALL PURPOSES 
alto WINDING, HAULING, AIR OOMPRESSING 

and PUMPING ENGINES. 1896 


ranes.—Electric, Steam, 
MeRAC ELI and HAND 


and sizes. 
GRORSB UseE —— & CO., bas 
Sapa _Saaee 9948 














W eidicss-st “Steel Tubes 


for Water-tube Boilers, Poneeeten, 


| ene iin thi ont 


Exams. camara 





(jampbells & Pfunter, | td. 


SPECIALISTS IN 

Drillers & Boring Machinery 

for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS, 


Vosrer & Co., Lr. 


PoRTSMOUTH. 
SHIP & LAUNCH BUILDERS 04 3551 
ENGINEERS & BOILER MAKERS. 


(Cochran 


See page 17, Dec, 29. 


[the 


4547 








MULTITUBULAR AND 
CROSS-TUBE TYPES 


Bolles. RE 


itchell (onveyor and 


TRANSPORTER CO., LTD., 
CONTRACTING ENGINEERS. 





DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
Lwundon, E.C. 1, 


Telegrams: ‘‘Micontraco, Cent, London.” 
Telephone: Holborn 2822. 987 


@ | [the rhe Glasgow Railway 


Engineering Company, 
GOVAN, GLASGOW. Lrp., 
London Office—12, Victoria Street, 8.W. 

MANUFACTURERS OF 

RAILWAY CARRIAGE, WAGON & TRAMWAY 
WHRKELS & AXLES. 

CARRIAGH & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 510 


uid Air, and all other Gases. 
sean naae ELECTRICALLY DRIVEN 
COMPRESSORS for pressures up to 2500 Ibs. per 
sq.in MOTORS 60 to 100 HP. In perfect condi- 
tion, at about one-third current prices, 
Also DIESEL Engines to 1200 HP. 
CENTRIFUGAL and other ae. and D.C. 
MOTORS, 260/250 volts, from from 4 to 600 H 


JEN NNINGS, 
Rhesus, eat Walls, N eweastle-on: ne. 


Manur. 
RAILWAY CARRIAGES. & ‘WAGONS 
OF EVERY DESCRIPTION, 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate,Guaseow. 0.18547 


Registered Offices: Clutha House, jan Princes St., 
Westminster, S.W.1 
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W. Mackellas, Limited, 


CLUTHA ipbicsree eee 





ALL GALVANISED FITTINGS FOR 


es eceiving Sets: 


FELLOWS BROS., Lrp., 
CRAaDLEY "HEATH, STaF¥s. 


IRON & STEEL 


Tubes AND Fittings 


oo bo. 
Srewarrs AND Liovns, Lica. 


GLASGOW - BIRMINGHAM .-. LONDON. 
See Advertisement Page 52. 9952 


Ra Immediate ‘ Disposal, 


GAS ENGINE PLANT comprising :— 


One four-cylinder oe Westinghouse Gas 

Engine, 700 B.HP. at 300 revs.; direct coupled 

to “Vickers” D.O, Generator 440/500 volte 
with switchboard, etc. 





One Suction Pressure Gas Producer (Ruston and 
Proctor), designed to operate on Welsh 
Anthracite or Coke. 


The above were purchased in 1918, and are in new 
condition, and may be inspected at any time by 
appointment, 


Full particulars may be obtained on application 


to 
VICKERS-PETTERS, LTD., 
Ipswich Works, 


Ipswich. X 22 





THe Guiaseow ROLLING STOCK AND PLANT Works. 


urst, Nelson & Co., Ltd., 


BuildersofRAILWA YCARRIAGES, WAGONS 
ELECTRIC CARS, and EVERY OTHER DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK. 

Makers of WHEELS and AxiEs, RarLway PLANT, 
Forerines, SmirHh Work, Inon & Brass CastTines. 
Pressep STEEL WoRK OF ALL Kinps. 
Registered Office and Chief Works: Motherwell. 
London Office: 14, Leadenball Street, B.C, Od3382 


J 





ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, LEADENHALL St, H.C. 3. 
Works: BuRntT Mr, —_ Hanrtow, Essex. 


Plants. 
aking Machinery. 


Evaporating ond *Dietilt 
Feed Water f and lee- 
Feed Water Heaters. 
Evapo: 
Freeh, Water Distillers. 
Main Feed Pum . 
Combined Circu ating and Air Pumps. 
Auxiliary Surface Condensers, 

&c, &e. 846 


Fi lectric (iranes. 
I[iraverstrs. 
[["ransporters. 
Lifts. 


S. H. HEYWOOD & Co., Lrp., 
Reddish. 





1074 


YARROW * Ginstow. “7? 


LAND AND MARINE 


YARROW BOILERS. 
819 


pn: Feet: |] ee, 
MILLWALL, LONDON, E. 

_ GENERAL ConsTRUCTIONAL ENGINEERS, 1216 
Boilers, Tanks & Mooring Buoys 
Stinis, Perrot Tanks, AIR RECEIVERS, STEEL 
Curmneys, RIVRETTED STE«aM and VENTILATING 


Pires, Hoppers, SprciaL Work, REpParIksS OF 
u Kips. 


RAILWAY AND TRAMWAY ROLLING STOCK. 


Ht Nelson& Co: | '4: 


THE GLase@ow ROLLING STOCK AND PLANT ane 
MOTHERWELL. 3383 


He ‘Wrightson & Co-, 


LIMITED. 











See Advertisement page 58, Dec. 29. 2402 
Patent . 

See’ 8 pyaroPneumetic ASh Ejector. 
Great saving of labowr. No noise. No dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, Lrp., Naval Archi- 

tects and Surveyors, 43, Billiter Bldgs., ae SS St., 

id 4) 


London, B.C. 
etter Qi! Ky 2sines. 
For Paraffin and Crude Oil. 
Sizes 1 B. HP. and upwards. 


Petters Limited, Yeovil. 


Sizes 25 to 500 B.HP. 


{[ ickers- -Petters, Ltd., Ipswich 


See advertisement dirernate wee 


Railway 


Gwitches and 


rossings. 


T. SUMMERSON & SONS, LIMITED, 
Dagiine? GTON, 











GOLD MBDAL-Investions ‘Bxurniriow-Awampes 


[uckham: s Patent Suspended 


WEIGHING MACHINES —BAST FERRY 
ROAD ENGINEERING WORKS COMPANY, Lrp. 
Loypoy, E.—Hydraulic Cranes, Grain Elevators, &c, 
See illus, Advt. last week, page 15. 1 





Wayeaoono-Orts 
Lirts 


54 & 55, Ferrer Lane, LONDON, K.C. 4. 
62 & 63, Lionet Street, BIRMINGHAM. 
and Principal Provincial Cities. 


Fo Your Repa airs or any 
beg MACHINERY, : ti 
HOMAS HUNT & SONS, 
Albion Ironworks, 


Bridge Road West, Battersea, §.W. 11, 
Bat. 1854. 1 








*Phone—Holb. 541. Tele.—Andrubo, Holb., Uondon. 
ndrews & Beaumont, 
CHARTERED PATENT AGENTS, 576 

29, Southampton Buildings, London, W.C. 2. 





Iron and Steel 


['ubes and Fittings. 


= oc Britain for the manufacture 
t and Corrosion Resisting 7 


The Scottish Tube Co., Ltd., 


Heap OxFice: 3, Robertson Street, Glasgow. 
See Advertisement page 69. 


Sole Licensees 
of “Armco” 


arels 


Diese! & G team 


ngines. 


Carets Dieset & StEAm Enonves (Lonpon), Lrp. 
Carlton House, Regent Street, Sr tea 5.W.1L 
Telephone; Regent 3484, 





((entrifugals. 
Pott, ((aseels & WV illiamson, 


MOTHERWELL, SCOTLAND. 
939 





See half-page Advertisement, page 38, Dec. 22. 
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, 
[he Manchester Steam Users 
ASSOCIATION. 
For the prevention of Steam Boiler Explosions and 
for the attalument of Economy in the Application 
of 8:eam. 9, Mounr StREE:, MANCHESTER. 
Chief Engineer: OC, KB. STROMEYER, M.L.C.B. 
Founded 1854 by Sirk WILLIAM FaIRBaIRy. 
Certificates of Safety issued under the Factoryand 
Workshops Act, 1401, Compensation for Damayes 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 698 


HIGH CARLBY SANATORIUM, 
near ULVERSTON. 


FOR SALE, VERTICAL BOILER. 


(fers are Required for a 

Vertical BOILER, size 10 ft. 6 in. by 3ft. 6in., 
ge | — insured at 60 Ibs. to #q. inch. 

It will be necessary to take down a portion of two 
walls in order to admit of the removal of the boiler, 
and any offers should include the taking down and 
reinstate tof the brickwork, etc. The boiler can 





| | niversity College of South 
WALES AND MONMOUTHSHIRE 
DEHEUDIR CYMRU 


COLEG PRIFATHROFAOL 
A MYN 


AN ENGINEERING SCHOLARSHIP, provided 
by the South Wales Institute of Engineers, of the 
value of £70 per annum, tenable for three years by a 
student who intends to enter some branch of the 
Engineering Protession, will be OFFERED for 
COMPETITION at the College Entrance Scholar- 
ship Examination, which begins on April 16, 1923. 

Further fculars can be obtained from the 
undersigned, to whom the form of application must 
be returned on or before March 19, 1923. 

D. J. A. BROWN, 
Registrar. 
University College, 
CARDIFF, 


December 20, 1922. 


rrespondence Courses for 

Inst. Civil Bngrs., lust.Mech.B., London Univ. 

.5c.), and ALL ENGINEBRING 

reonally conducted by Mr. 

TREVOR W. PHILLIPS, B.Sc. (Honours), Assoc, 
M.Inst.C.B, MR.S.L, F.R. Da: 
Tuition in Office. Excellent results at all 
Courses may commence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to 8/11, Trarronp CHamsBerns, 58, 
Sours Jouy Street, LIVERPOOL. $15 


X 208 





ofhee . 





orrespondence Courses for 
Inst.Mecu.E. EXAMINATIONS, — Also 
Special Courses as follows: Works Organisation, 
Administration, Poeumatic Hngineering, ne 
Design, &c.—Address, W 927, Offices of ENGINEERING. 





Brochure on ‘‘ Engineering 
SALBSMANSHIP and SALES MANAGEH- 
MENT,” with —— of a SPECIAL COURSE 
of a tee I be sent post free on application to 
DIRSCTOR, THe InsTiruTe oF HNGINEERING 
SALESMAFSHIP, 333, Oxford Rd., Manchester. 985 


of — Vessels, — A 


Corre- 
terms, 





owerin 

Practical Course of Instruction b 

spondence.—Address, for particulars an 
1049, Offices of ENGINEERING. 








TENDEBS. 





THE BURMA RAILWAYS COMPANY, LIMITED. 


The Board of Directors of the Burma Railways 
sd Limited, are prepared to receive 


Com 
enders for the Supply of :— 


“ Ky 13§ ewts. STHEL F.F. RAILS 

.S. 18. 

(B) yen pote STEEL FISHPLATES for B.S. 
60 Ibs. f f. Rails 


(©) 196,000 DOG SPIKBS (W.1.) for f.f. rails, 
(B S.) 60 Ibs, and N.S. 501bs, 
Fees for the Specifications, which are not return- 
able, will be charged as follows :— 
For each copy of Specification ()...20s. 
” ” ” ” ” (B)...10s, 


” ” ’ » , (C)... 5s. 
Tenders, enclosed in sealed envelopes, endorsed 
** Tender for Steel Rails,” or as the case may be, 
must be delivered at the Company’s Offices not later 
than TWELVE noon on Thurada » llth January, 
1923. The Directors do not bind themselves to 
accept any or the lowest Tender, and reserve the 
right to divide the order. 
rly delivery is important. 
By order of the Board, 
F. 0. FRANES, 
Secretary. 
199, Gresham House, 
Old Broad Street, 
London, B.C. 2. 
3rd January, 1923. 


OITY OF MANCHESTER. 
PLANT FOR SALE. 
The HLEOTRICITY DEPARTMENT have 


Fx, Disposal the Following 


One 1800 Kw. D.C, Parsons Turbo-Generator, 
400/460 volts 
Six Laucashire Boilers, with Vicars mechanical 


stokers. 

Four Baboock & Witcox Bollers, each 10.000 lbs. 
per heur, with Vicars and Bennis mechanical 
stokers, 

Two Green’s Bconomisers. 

Two Blake & Knowles’ Boiler Feed ..umps. 

-_ the necessary steam and water pipes, val ves 
etc. 
Working pressure for all the above steam plant— 
130 los. per square inch. 

One wae *s screw Coal Cenveyor, 

Four 440 Volt D.C, Motors (three 10HP., and 
one 5 HP.) by well-known makers, complete 
with stoker shafting. 

One Parker's 2} ton Electrical Jib Crane. 

The above plant is.in working order and may be 
inspected by appointment. 

orm of der and the Conditions of Sale may 

be had Teg oem to Mr. F, B. Hughes, Secretary, 
Blectricity ent, Town Hall, Manchester. 

Further particulars relating to the plant or tothe 
Conditious of Sale may be obtained from Mr. 8. L. 
Pearce, Chief Mngineer and Manager, Dickinson 
Street, Manchester. 

Tenders, duly endorsed and addressed to the 
Chairman of the Blectricity Committee, must be 
delivered at the Town Hal! not later than Ten o'clock 
a.m, on MUNDAY, the 22nd J ey ct 1933, 


5 Town Clerk. 
X 217 


X 232 





Town Hall, Manchester, 
30th Decemher, 1922. 





be seen on application to the Medical Superin- 
tendent.—Offers to be sent in to Dr. G. LISSANT 
GOX, Central Tuberculosis Officer, County Offices, 
Preston. X 242 


TYNE IMPROVEMENT COMMISSION. 
ELECTRIC. MOTORS. 





The Tyne Improvement Commissioners are 
prepared to receive 


[lenders for the Supply of One 
20 HP. and Three 3 HP. D.C, ELECTRIC 
MOTORS. 

Copies of the Form of Tender and Specification 
may be obtained on application from the under- 
signed. 

enders in sealed envelopes, «ndorsed on the 
cover ‘‘ Tender for Electric Motors and Accessories,” 
must, be addressed to the undersigned and delivered 
to him not Jater than the 16th day of January, 1923. 

The Commissioners do not bind themselves to 
accept the lowest or any Tender. 


By Order, 
RICHARD AUGHTON, 
General Manager. 
Tyne Improvement Commission Offices, 
Bewick Street, 
Newcastle-on-Tyne, 





4th January, 1923. 


BARODA & CENTRAL INDIA 


RAILWAY COMPANY. 


The Directors are prepared to receive up to Noon 
on Friday, 19th January, 1923, 


T Yenders for the Supply of :— 

I, STEBL MATERIALS. : 

2. PUNCHING & SHEARING MACHINKS, 

Tenders must be made on forms, copies of which, 
with specification, can be obtained at these offices 
on payment of 10/- each (which will not be returned.) 

The Directois do not bind themselves to accept 
the lowest or any Tender. 

8. G. 8. YOUNG, 
Offices ; 91, Petty France, Secretary. 
Westminster, 8.W. 1. 
3rd January, 1923. X 264 


BOMBAY, 








APPOINTMENTS OPEN. 
}ixperimental and Research 





Work.—VACANCY in Glasgow for MAN with: 


electrical instrument workshop training, testroom 
or laboratory experience, and general technical 
education. Applicants to state full particulars.— 
Address X 209, Offices of ENGINEERING, 


[yngineering Representative 
(30-35) REQUIRED by leading London 
Firm. Shops and D.O. training essential. Ex- 
perience in Heating and Ventilating and Fan 
Work desirable, State full details of experience 
and salary required. — Address, X 233, Offices of 
ENGINEERING. 


(‘andidates for the Appoint- 


ment of Assistant tothe Manager, Calcutta, 
Box No. W 582, are thanked for their applications 
and are informed that the position has now been 
filled. X 219 











STATE ELECTRICITY COMMISSION OF 
VICTORIA, 


Scheme. 
Copies of Tender Form and Specification may be 
obtained or inspected upon application to :— 
AGENT-GENERAL FOR VICTOnIA, 
Melbourne Place, Strand, 
London, W.C. 2. 
SPECIFICATION No, 23/8— 
TRANSFORMERS. 

CHARGE :—5s. for first two copies of Tender Form, 
Conditions of Contract, and Specification complete. 
This charge will be returned on receipt of a bona fide 
Tender. A third, or any further copies may be 
obtained on payment of 2s, 6d. per copy, not 
returnable. 

PRELIMINARY Deposit :—A Preliminary Deposit 
of 1% of total Tender Price is required to be lodged 
with Tender. 

The Commission does not bind itself to avcept the 
lowest Tender. 

Tenders on prescribed form, properly endorsed, 
and addressed, must, be delivered to the undersiyned 
in Melbourne, not later than Twelve Noon on the 


Sist March, 1923. 
R. LIDDELOW, 
Secretary. X 201 


LIVERPOOL CORPORATION WATERWORKS, 
VYRNWY SUPPLY. 
NEW FILTER BEDS, OSWESTRY. 


The WATER COMMITTEE of the Liverpool 
Corporation are prepared te receive 


[lenders for the Construction 


and Satisfactory COMPLETION of THREE 

FILTER BEDS and other ancillary Works, situated 
at Oswestry, in the County of Salop. 

The Plans may be inspected and Copies of the 
Specification and Forms of Tender obtained at the 

ater Engineer's Office, Alexandra Buildings, 
55, Dale Street, Liverpool, upon payment of the 
sum of Five Guineas, which amount will be 
returned upon receipt of a bona fide Tender. 

Tenders, endorsed “ Tender for Filter Beds,” are 
to besent through the post, in a sealed envelope, to 
the Town Clerk's Office, Municipal Buildings, 
Liverpool, addressed to the Gaairman of the Water 
Committee, so as to be delivered not later than 
12 o'clock Noon on Tuesday, 23rd January, 1923. 

The Water Committee do not bind themselves to 
accept the lowest or any other Tender, 

WALTER MOON, 
Town Olerk. 


TENDERS FOR PLANT. 
enders are Hereby 


Invited for the SUPPLY, DELIVERY, 
etc., of the following for Morwell Power 





Municipal Buildings, 
Liverpool. 
3rd Jannary, 1923. X 241 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 





The Directors are prepared to receive 


['enders for the Supply of the 
following STORES, namely :— 
Fee for Soitestion: 


10)- 
21 


10/- 
10/- 


21 


No. 1, 
No. 2. 
No. 3, 


No, 4. 


Anvils ... a ee eve 
Firebricks and Fireclay ... 
Copper Plates, Rods and 
Ingots ee ee 
— Sheets, Copper Tubes, 
Cc. oes oes eee oes 
Bolts, Nuts, Rivets, &c. ... 
No. 6. Aale-boxes for Carriagesand 
Wagons x iene se 
No, 7. Metals (Lead Sheets, Tinned 

Sheets and Aluminium 5/- 
Specifications and Forms of Tender may be 
obtained at this office on payment of the fee for the 
Cpectieation, which payment will not be returned. 
the fee should accompany any eo yng by 

post. Cheques and Postal Orders should be 
and made payable te the Great Indian Peninsula 


Rallway Company. 
Tenders must be delivered in separate envelo 
to the undersigned, = 
» not 


Sieada tar avi ot cs satay 
*Tender for Anvils,” or as case 
later than Hleven o'clock @,m., on Tuesday, the 
16th January, 1923. 
The do not bind themselves to accept 
the lowest or any Tender, 

RB. H. WALPOLS, 

Secretary. 


No. 5. 


coe opened! Avenae, i.e. 
: Laodem, ba tantaty, 1993. 





orks Manager Required 

for Non-Ferrous Sheet Metal Works in the 

Hast, under British control. Must be competent 

Engineer, Toolmaker-Draughtsman, familiar with 

modern costing methods and capable of handling 

native labour. Good prospects for right man. 

State age, qualifications, and remuneration ex- 
pected.—Adiiress, X 260, Offices of ENGINEERING. 


_ Q 2 

(Capable Engineers Required 

by Manufacturers of Diesel, Semi-Diesel, 
Paraffin and Petrol Engines, stationary, portable 
and marine; also pumps and electric motors, to 
cover certain districts of Lancashire, Cheshire and 
North Wales.—Those with live connections and able 
to introduce business on a commission basis are 
invited to reply, with fullest particulars, whole or 
part time, etc., to BOX F941, Lez & NIGHTINGALE, 
Advert. Offices, Liverpool. X 229 


A Resident Engineer is 
REQUIRED by H.M. OFFICE OF 
WORKS to take charge of the erection of 


buildings, including reinforced concrete work, at 
Bangkok, Siam, extending over a period of possibly 
two years. 

Applicant must be capable of taking executive 
control of the work during erection and must also 
be efficient in the calculations, hers a and details 
= reinforced concrete work and building construc- 
tion. 

Preference will be given to ex-service men. 

Applications should be accompanied by copies of 
recent testimonials and should state age, salar 
required, whether married or single, and full 
particulars of qualifications and experience. 

All communications should be addressed to The 
SECRETARY, H.M. Office of Works, Storey’s Gate, 
Westminster, S.W. 1. X 212 


INDIAN SERVICE OF ENGINEERS. 


THE SECRETARY OF STATE FOR INDIA 
IN COUNCIL will in 1923 


N 
A Ppotnt 1l Assistant 
EXECUTIVE ENGINEERS for 
this Service if so many suitable candidates 
present themselves. 

Every candidate must be a British Subject, or a 
ruler or subject of any State in India in respect of 
whom the Governor-General of India in Council 
has made a declaration that he is to be considered 
eligible. 

uropean candidates who were of military age 
rior to November, 1918, must have served in His 
ajesty’s Forces during the War, or have been 
revented on adequate grounds from so serving. 


uropean candidates must have been born on or 
after 2nd August, 1898, and on or before Ist August, 
1901 








Indian candidates must have attained the age of 
21 and not attained the age of 24 years on Ist July, 
1923, except that in the case of an Indian who has 
rendered service of the nature defined in the pre- 
ceding raph, the same maximum age limit 
as for Kuropeans will apply. 

Every candidate must either (1) have obtained 
one of certain recognised University degrees or 
other distinctions in Engineering, or (2) ‘ have 
passed Sections A and B ot the Associate Member- 
ship Examination of the Institution of Civil 
Engineers, or been exempted by the Institution 
from such examination, or (3) produce the required 
evidence that he is otherwise eligible under the 
Regulations. 

Applications from candidates must reach the 
India Office not later than Ist April. Printed 
forms, together with information regarding the 
conditions of appointment, may now he obtained 
from the SECRETARY, Public Works Department, 
India Office, Whitehall, London, 8.W. 1. 

India Office, London. 

Nth December, 1922. 


[)taughtsmen 


X 207 


Required. — 

Only those sing first-class aircraft 
experience need apply.— Write, giving full par- 
ticulars of experience, age, and -alary required, 
to The FAIRBY AVIATION COMPANY, LTD., 
Hayes, Middl X 206 


raughtsman Wanted by 

En meee | Firm in the Midlands experi- 

enced ‘we — = view’ on a 
eral pu es, also ca le designing an 
eriaaiien pe Lines, Hg for Hydro-Blectric 
Schemes. State experience, e and salary 
required.--Address, X 261, Offices of ENGINEERING. 


raughtsman, Accustomed to 
Deve 














on Control Gear, WANTED,—Address, 
lary required, X 154, 


experience, and sa 
RING, 





VW anted, by Leading Fir 
SENIOR DRAUGHTSMEN with 
class experience for Layout and Detail wor! 
Peirsol mone but eee —_ need app 

ress, stating age, experienceand sa 
X 94, Offices of Lvamwgraswe, — 


[ilectric Lifts. — First-cls 
DRAUGHTSMAN for preparation of sch 
WANTKD by Firm in Manchester district ; 
JUNIOR. ermanency to good man.— Add 


X 214, Offices of ENGINEERING. 
anted Several Sen 


\ \ DRAUGHTSMEN for London Office 
leading firm of Electric Crane mancfacturers. § 
age, experience and salary required:—Address, X} 
Offices of ENGINEERING. 











Draushtsman Require 
having recent experience in design 
Vertical two and three stage Com pressors.— k 
statin age, career, a sale: required 
RKAVELL & CO., Lrp., Ranelagh Works, Ips 
x 





I['wo Experienced Structu 
DRAUGHTSMEN REQUIRED immedi 
for South Wales Works. Only first-class men 1 
apply. State age, previous experience and sa 
required,—Address X 244, Offices.of ENGINEERI 


Wanted, Draughtsman, we 


up in Commercial Motor Design, Ste 
and Petrol. State age, experience and sala 
Address, DRAUGHTSMAN, Wo. Porteous & € 
Advertising Agents, Glasgow. x 


Wanted, Draughtsman, wi 


good experience in Caterpillar Tra 
State age, experience, and salary.—Add 
CATERPILLAR, Wo. Porrrous & Co., Advertisi 
Agents, Glasgow. x 











raughtsman Wanted, wif 
F4 experience of machine tools, includ! 
lathes and drilling machines of medium sizes, 
Address, stating experience, age, and salary | 
quired, X 246, Offices of ENGINEERING. q 





irst - class Draughtsma 
WANTED for Structural Steel Works in 8, 
London. Conservant with L.C.C. requirement 
Able to take work through; quick and reliab 
State age, experience, salary required, ahd wh 
free. ermanency to suitable man. — Addre 
X 259, Offices of ENGINEERING. 


Required Immediately, 
MECHANICAL DRAUGHTSMAN, wit 
sound knowledge of General Kngineering Wo 
and,experience of tank and rivetted work and e 
mating for same.—Address, with full particul 
X 267, Offices of ENGINEERING. 








raughtsman Require 
by the GOV ERNMENT OF NIGERE 
for the MARINE DEPARTME 
for two tours of from 12 to 18 months’ ser 
with possible extension. Salary #480 rising & 
£30 to £720 a year. Outfit allowance of £60 @ 
first appointment. Free single quarters 
passages. Liberal leave in England on full salary; 
Candidates aged 25 to 35, preferably unmarri 
should be ship's draughtsmen with experience 
designing river craft, barges, pontoons, etc. Thé 
should have had the usua! trainivg in shipyard wo 
such as marking out and taking moulds for frame 
and making calculations in connection with des pu 
Edgere should have had experience in 
Engineering branch, should be capable of tak 
charge of the Headquarters drawing office and 
giving instructions to African Draughtsmen in @l 
branches of ray cmon a at once 
writing stating age, giving a brief outline @ 
qualifications and experience and stating whethe 
married or single to THE CROWN AGENTS FOR 
THE COLONIKS, 4, Millbank, London, 5.W.t 
quoting M/11780. x3 





BOMBAY, BARODA AND CENTRAL IND 
RAILWAY. 


PAINTER FOREMAN. 
The Directors are prepared to receive 


pplications (by letter only) 
from ry td qualified candidates for 
pointment as PAINTKEK FOREMAN, » 
Candidates must have served their time in 
Paint Shops of a Railway Company or Rail 
Carriage Builder of repute in Great Britain, 
have had subsequent experience as Journeymen 
high-class work, and be conversant with all clase 
of painting, finishing, lettering and polishing, am 
also understand thoroughly the mixing 
grinding of paints, as the selected candidate 
required to take charge of a Carriage Paint Sho} 
Preference will be given to one who has a compe 
tent knowledge of Trimming and Upholstery w 
as carried out on Railway stock. 
SaLary.—Rs. 575 per calendar month, with a th 
Asem agreement in the first instance, second c 
ree passage to India, and home again unless form 
feited by misconduct, subject to conditions to } 
entered into before engagement. i 
The selected candidate will only be appoints 
subject to his passing a strict m examination 
Original testimonials must not be enclosed 
applications but COPIES should be sent if posslt 
ago with COPIES ONLY of Army Disch 
&e., ifany. i 
Letters of application, Me | particulars of sp 
cants' genera: and et any) education am 
training, and showing in ¢hronological order (wit 
dates) where and how they bave been weap be 
from time to time, and also giving age and whcti® 
married or single, should be addressed to she u 
signed not later than the 20th January, 1923. 
8. G. 5. iaaaa 


ecretary. 

Offices: 91, Petty France, ; 4 
estminster, S.W. 1. 

29th December, 1922. 
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ENGINEERING. 








ransformer Draughtsman.— 
APPLICATIONS are REQUESTED for the 
Rg eon of Transformer Draughtsma» 
weil-known British Firm of electrical 


ren 
meer must have had first class ex; 
in the design and peemouere of LARGK HIGH 
| TENSION TRANSFORMERS. 

The position would os & permanency and offers 
ample scope toasuitable man. Applications will be 
ted with strict confidence.—Address, . giving 
full particulars of experience, X 179, Offices of 


| ab ca 

Pixperienced Engineering 
SHOP FOREMAN REQUIRED for Marine 

and General Repair Works in London.—Address, 

% 253, Offices of HNGINEERING. 


rience 








Foundry Foreman Required 


for large Engineering Establishment, | must 








AN IMPORTANT WORK. 
ELT St NO ean 





THE PRINCIPLES AND PRACTICE OF TOOTHED 


GEAR WHEEL CUTTING }; 


By G. W. BURLEY, B.Sc., Wh. Ex., A.M.I.Mech.E, 


Demy 8vo. (8#” x 52°). 


One FoLpING TABLE IN SPECIAL POCKET. 
Price 25s. net (post free, 26s. home, 26s. 3d. abroad). 


. NOW PUBLISHED. 


460 + viii PAGEs. 
347 ILLUSTRATIONS AND 23 TABLES. 


Cash with Order. 





Catalogue, giving full Contents of this volume, sent posi free on application to 


SCOTT, GREENWOOD & SON, 


938 


8, Broadway, Ludgate, 
London, E.C. 4. 











have had experience in high class general eng’ 

jog work and knowledge of the most economic 
methods by which cost of pattern-making is reduced 
toa minimum for beth standard and special work 
State particulars of previous employment, age 
and salary expected.—Address, X 218, Offices of 
ENGINEERING. 


m 
se 


Partnerships, 


SHIP GUAR 
W.i. 


Directorships 
WANTED for not leas than £2,000. Businesses 
ust be well established. January list of investors 
nt. Oalls preferred.—OFFICERS’ PARTNER- 
IAN LIMITED, 48, Dover raat 
2 








SITUATIONS WANTED. 


uyer.—The Manager of a 
Engineering Works Pu ng Depart- 

ment, who has an cxoereione SInmS te Gaenledan of 
the Markets of the Coun’ to Negotiate 
NEW APPOINTMENT.—Write, Z.M. 613, care of 
Dr,con’s, Leadenhall Street, B.0. 3. X 200 


(‘ement Works — Abroad.— 

REQUIRED, POST as Manager of Modern 
Cement Factory in the Colonies, by Britisher at 
present in India. 17 years’ experience in the 
trade, acquired with the leading English Mfrs. 
Smart, up-to-date man, energetic, fine physique, 
and not afraid of work. Unique works’ experience, 
first-class chemist, knowledge of legen ys and all 
cement processes, used to machinery, Ms lant running, 
costing, etc. First-class credentials.—Address, 
stating terms, etc., X 187, Offices of ENGINEERING. 


/ Fiagineer Requires Permanent 

Progressive APPOINTMENT. Public School 

man, Three years Universit . Five yeors’ appren- 

ticeship. Twelve years'p 1, technical and com- 

} mercia "experience in Mechanical, Constructional 

and Public works at home and abroad. Previous en- 

gagements include Clerk of Works, Chief Draughts- 
man, Chief Eagineer, London Office Manager.—F., 
2, Summerlands Crescent, Acton, W. 3. X 262 


Fagineer (32), with consid- 


erable knowledge and experience of Mechan- 

ical, oo rea Chemical Engineering, Elestro- 

ponies, 3 Desirous of Negotiat'ng for 

hope le nad Progressive Post.—Address X 243, 
Offices of ENGINEERING. 


° ) 
D2ughtsman with 7 years 
sound Mechanical D.O, experience Seeks 

Post with London Works or aan Quick to a 
—N., 11, Carden Road, S.E. 1 X 257 


(jeneral or Stores Clerk (22 


Desires Position. Six years’ technical expe 
ence, methodical and accurate. Highest integrity. 
Low salary te commence.—Address, X 256, Offices of 
ENGINEERING. 


M etallurgical Engineer, 

B. Bog. (first-class), age 22, practical blast 
furnace and commercial experience, REQUIRES 
POST at home or abroad. Excellent references.— 
BOX N 948, Lee & NigHTINGALE, Advt. Offices, 
Liverpool, X 247 


> r : 
hemical Engineer, with over 
amd experience in the Chemical In- 
davtry te in land, U.S.A. and Germany, DESIRBS 
BNGAGH BMI NT with firm who caters to the 
Chemical Trade or contemplates doing so in near 
fnture. Good Draughtsman,. Excellent references, 
Address, X 266, Offices of ENGINEERING. 


ngineer, 32, Workshop and 
University training, REQUIRES SITUATION, 


manufacturing or export business.—Address, X 268, 
Offices of HNGINEERING. 



































PUBLICATIONS. 























HEFFER Sor CAMBRIDGE 


The Theory of Direct 
Current Dynamos & Motors. 
By J. CASE, M.A. ‘* Written on 
ezemplary lines.’— The Drauzhtsman, 
Demy 8vo, cloth. 5s. net. Postage 9d. 


Notes and Examples on the 
Theory of Heat and Heat 
Engines. By J. CASE, M.A. 
‘*We have no hesitation in recommending 
it to our student friends.” —Electrician. 
Demy 8ro. cloth. 1s. 6d. net. Postage 9d. 
Mollier’s Diagram of Entropy 
and Total Heat for Steam. 
By J. CASE, M.A, Drawn from table 
compiled by J. B. PEACE. . Folio 
sheet. 1s, net. Postage 2a. 
An Introduction to Forecast- © 
ing Weather. By ?.RAYMOND 
ZEALLEY, F.R.Met.Sec.-_ Cr. Bro, 
sewed. 91, net. Postage 2d, 


W. Heffer & Sons, Ltd. Cambridge. 


Loudon ; Simpkin, Marshall, Hamilton,. Kent 
§ Co,, Lid.. And from all Booksellers, 


























Demy 4to, xx—264 pp., 173 Plates with Sectional 
Drawings and other Illustrations and Numerous 
Details in Text. Price 21s. 


THE EVOLUTION 


OF -THE 


PARSONS STEAM TURBINE. 


BY 


Alex. Richardson, A.I.N.A. 


Lonpon 


Offices of “ENGINEERING,” 35 & 36, Bedford Street, 


Strand, W.O. 





Wanted by Young Man (18) 


an engagement in Constructional S Civil 
Engineering or drawing office. Just left school ; 
ssed Junior and Senior Oxford, Local and London 
striculation Examinations, Good Knowledge of 
egg oe pore Mathematics, Would soon 
Ree ice. Good erences — 
A MERIC, 8 Witton § Salisbury. x 


], ondon _ Representative.— 
Mechanical Engineer, sound Technical, Com- 
Mercial and Practical sapeuunee, D DESIRES ‘POST 
~ represent Midland or thern engineering firm 
in London,—Addresc, X 254, Offices of ENGINEERING. 


Shorthand Typist (Lady), 24, 


ls 120-60, 23 yrs. General Engineers ; 2nd 
dian mech. eng. Poly. Good ae 
ench. DESIRBS CHANGE. Salary 55s.-60s 
Acdress, X 227, Offices of ENGINEERING, 














PARTNERSHIPS. 


K ngineering Partnerships 
BUSI mas SES. 


bw Ke » Price& Co. 


46, Wat Street, 
LONDON, B.C. 4, 


BsTaBLisHED Suvanre Yrans. 9955 





and Remover. 


WANTED, &e. 





Pepresentatives Wanted in 
all districts for Boiler Scale Preventative 
Liberal commission 

265 | Address, X 225, Offices of ENGINEERING, 


only.— 





ba 


Representative Wanted 


in 
Nortbants, 


Warwickshire, Leicestershire, 


for a Firm specialising in Repairs to Steam Wagons 
—_ Tractors, also heavy Petrol Vehicles. Replies 


pew from one already calling on the right Firms, 
capable of securing orders on a commission 
sis, — Address, stating experience and terms, 
X 223, Offices of EnGINEERING, 





AND ERECT! 
a line of small or medium ‘size 
class workmanship and quick deliveries. — Write 
BOX W7879, eT} 8 AsrerTnn gee. gee a? 1 fd 
Square, London, H.C, 4 


irm Having Own Foundries 
WELL UIPPED TOOL ot ae 


RON 


ngineer, returning shortly, 

ISHES to ACT in Australia or New Zealand 

as REPRESENTATIVE of firms wanting to extend 

business. Fifteen years’ experience these countries ; 

has valuable coltnestion and will handle any 
article.—Address, X 245, Offices of ENGINEERING. 


Eyagineer (37), over 20 years’ 
experience, all branches, Engineering Mer- 
chant, WOULD. like to REPRESENT in London 
first-class Manufacturing FIRM, sound connection, 
highest references. — Address, X 255, Offices of 
ENGINEERING. 


Ts Proprietors of the Patent 
No. 100321 for * Improvements in Propelling 
Apparatus for vessels” are DESIROUS of ENTER. 

ING into ARRANGEMENTS by way of licence and 

otherwise on reasonable terms for the purpose of 

exploiting the same and oa full develop- 
ment and practical oes iu this country.—All 
communications should be addressed in the first 
insianceto HASELTINE LAKE & CO., Chartered 
Patent Agents, 2%, Conner in 
Chancery Lane, London, W.C. 2. X 213 


ihe Owner of "British Patent 


No. 123132 relating to ‘‘Improvements in 
Uraft Tubes for Turbines,” and British Patent No. 
137498 for ** Improvements in orrelating to Hydrau- 
lic Lomary Tubes for Turbines, ecm 
Pumpsand the one is DESIROUS of ENTERING 
into NEGOTIATIONS with one or more firms in 
Great Britain ier nike purpose of exploiting the 
above inventions, either by sale of the patent Sights 
or by the = of a licence or licences to manu- 
facture on 
Enquiries shou id be addressed to Mesers. ABEL 
AND IMRAY, Chartered Patent hee 30, South- 
hampton Buildings, Jondon, W.C X 237 


Second-hand but Modern Gear 


MILLING MACHINE WANTED complete 
with cutters and outfit. State make, “a TGR 
pos etc., to * V—19819,” OHMES BURE carl 

ristiania, Norway. 


Wanted, Four 10 to 12 HP. 


460 volt D.C. 750 to 1000 revolution 
MOTORS. 
Slide Rails. 

Send full 
THE NORT 




















Complete with Starting Gear and 


rticulars to. 
EASTERN STEAM FISHING CO., 
Murray Street, 
Fish Docks, 
Gt Grimsby, X 239 


Winied, One 24 to 3 cwt. 


POWER HAMMER- With or without 
Motor. 


Send full 
THE NORT 





rticulars to 
BASTERN STEAM FISHING CO., 
Mommy Street, 
ish Docks, 
Gt. Grimsby, 


anted 


AIR COMPRESSOR (as a Stand-by), a really good 
second-hand, belt-driven, and ready for immediate 
work, with ‘Ay wheel, fast and loose pulleys and 
fittangs complete. Minimum capacity 100/120 cubic 
feet of free air per minute at 100 Ihe, pressure per 
square inch. Name makers, size of plant, capacity, 
where to be inspected and price f.o.t, namin 
Railway Station.—Full particulars to the BUT 
bebo SUPPLY Cvu., Lrp., Cymric Boldin, 
~‘ 263 


X 240 








AUCTION SALES. 
Wheatley y Kirk, Price & Co. 
(Established 1850). 
Auctioneers 

AND VASUERS OF 9955 

ENGINEERING WORKS PLANT AND STOCK 

46, WATLING STRERT, LONDON, E.C. 4. 
16, ALBERT SQ., | 26, COLLINGWOOD ST., 

MAaNCHEST+B. NEwosasTLe-on Tye. 
Telephones & Telegrams at each Address, 

TO BNGINEERING, MOTOR AND OTHER 

FinMs. 

WORKS 








GSHOPS, areO 
achines. Highest 





of 





Plate work such as Steam 
Shells, Large Bore. Pipes tay 

Tanks, Jacketted 

established Firm of yy o> to represent them as 
AGENTS in gy ene 

Engineers who 

detail.—Address, a 


Wanted, by a Lancashire]; 


Sen: kinds of Boiler 
rators, Condenser 

nds, Transformer 
Vessels, etc., a reliable and Old- 


Firm manufacturin 


pplicants must be trained 
uce ———s aud discuss 
full particulars, X 202, Offices 
ENGINEERING. 





riOTUMING PREMISES, in brick, steel and 
if ey light roofs, fine bloo_ of 

offices, stor . having s floor area of ee 

18,500 rea, wi, 

a alge and small 


JANUARY 25th, 1943, in one a two lots, unless pre- 
weed disposed of by private treaty. 
ulars, Plans and Conditions. of Sale of the 
sathanoen — 


(joddard & Smith, 


Ww. 1. 
ANKEY, 1 St. 
mare, 269 


23, Ri Sa, be gg St. come, & 
Solicitors 
James's Place, 8. 





FOR SALE. 





Vertical, Loco., 
I ‘o Boiler Buyers.—-Qor th’ tanner’ 
Pane Tube a speciality, Also Air Receivers 
water Heaters. — Apply GRANTHAM 

BOLLE & CRANK CO. Lrp., Grantham. 


3 4 HP. National Latest Type 


GAS ENGINE, Girder Bed, Magneto 
Ignition, two Flywheels, in new condition. Bargain. 
HARRY H. GARDAM & CO,, LIMITED, 

Gtataes. x 





9) ‘EP. Portable Oil Engine, 
Horneby, as pees alse 10 N.HP. 


Portabie STRAM bk NGINE, b Ruston, Pod ae 


on Coe * O., LIMITE. 


taines. 
1911, 





I.HP. Horizontal Steam 


ENGINE, 7 Hick Rengrenren, new 

fot g Valves, Jet Condense: 

HARRY H. GARDAM & 60., LIMITED, 
Staines, X 115 





Planing Machines (Two 


large), plane 16 ft. by 5ft. by 5 {t., slotted 
rack driven tables, strong ‘‘ V ” guide bed, two tool 
boxes, ete., £145 each before removal, —J. TT. 
WILLIAMS & SONS, Engineers, South Bermondsey 
Station, London, 8.B. X 261 


A Advanced Engineers, 
MANUFACTURERS and others desirous of 
Lee 3 pa mah OUTPUT by ee an entirely 
and EXCLUSIVE igh, © Line, 
FULLY PROTECT 
Indispensable to Severin during 
War Service. Also for Public Business 
and Pleasure. 
Unlimited scope for all 
AERIAL and MOTOR World, 
NO LIABILITIBS. 
Owner would —, of Part or Whole, 
or agree to Public Company. 
Address, X 234, Offices of ENGINEERING. 





Ds Line Excavator. 


Has moved 3,000 cube yards in one day. ~~ 
be seen at Frodsham, near Chester. Reac 
77 f.; lft four to five tons; speed of working, 
one t) three cuts a minute, 


HARRY FAIRCLOUGH, 
Contractor, 
WARE. Seva 


COUNTY BOROUGH OF WOLVERHAMPTON, 
ELECTRICAL ENGINEER'S DEPARTMENT. 


or Quick Sale. 


1000 Kw, TURBO-ALTERNATOR, CONDENSER 
AND ne cra, OCUMPLETE FOR 


The Corporation have for immediate scale a 1000 
Kw. Turbo-alternater, Condenser, Auxiliaries, 
Certain Valves, Piping, complete with supporting 

rder bed, s eel joists and chequer flooring, along 
with other incidentals. 

Normal concitions :— 

STEAM PRESSURE AND TEMPERATURE, 
150 Ibs, 466 deg. F. 

CURRENT AND VOLTAGE, Alternating three 
phase, 50 cycles, yt ie volts. 

SPEED. 1500 R.P. 

The Plant is in caclbet condition, and when 
removed and re-erected would be complete and 
ready for immediate service. 

The reason-for disposal is that the unit is too small 
and is being displaced by a larger unit, 

Enquiries for further particulars and permission 
to view to be addressed to :— 

&.T. ALLEN, M.1.4.E., 
Electrical Engineer’ 3 Department, 
83, Darlington Street, 
Wolverhampton. X 250 





MULTIPLE PUNCHING MACHINH, by Rush- 
worth & Co., capacity about 33 } i in, holes through 
vo in, plate, | gap 4 in., open end 

“FELLOWES” GEAR SHAPING MACHINE, 
to take spur gears up to 36 in, diameter, 


8 FT. VERTICAL BORING AND TURNING 
MILL. by J, Hetherington & Sons, table 7 ft. 
diam., two tool boxes, 5ft. underneath cross slide. 

TEN Nearly New 18 in. centres ALL GEARED 
ABAD arranged for motor drive 8.8.8. LATHES on 
34 ft. 3 im. bed, by G. & A. Harvey, Ltd. 

16 IN, CENTRES DOUBLE GBARED SURFAOB 
SLIDING AND SCREWOUTTING LATHE on 
24 ft. 6 in. gap bed, by Butterfield, Ltd. 

PLANING MACHINE, to plane 14 ft. by 5 ft. by 
4 ft., two tool boxes on cross slide, by J. Buckton 

THREB NEW RYBRSON-CONRADSON NO. 3 
HIGH POWER PLAIN MILLING MACHINES, 
table 63 in. by 123 in. 

VERTICAL BORING AND TURNING MILL, 
with table 4 ft. 3 in. diam., two tool boxes on cross 
slide, by The Bridgeport Machine Tool Works, Ltd. 

TWO NO. 2. LUMSDEN OSCILLATING TOOL 
GRINDING MACHINES, 

UNIVERSAL OYLINDRICAL GRINDING 
MAOCHINH, size 10 in. by 30 in., 53 in. centres. 
30 in, between, by the Taft Peirce ‘Mig. Co., Ltd. 
CATALOGUE of Stock MACHINERY, 6000 Lots, 
Free on Application. Inspection Invited. 


thos. W. W 274, L*4. 


ALBION WORKS, SHEPFIBLD. 1005 





For Sale, &c., continued on page 4, 
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ENGINEERING. 








thos Sale, 20 6-yard drop-sided 
Contractor’s BALLAST WAGONS, made by 
Midland Carriage and Wagon Co., Ltd., registered 
by G.E.R. in 1919 to carry ten tons.—Write BOX 
a Seits’ Advertising Offices, Fleet Street, 
C, 4. 
otor 


X 161 
N Barges For Sale, 
A practically new 
class British builders, H 


very strongly built by first 

old capacity 8600 ft., length 
106 ft, by 2) {t, beam, fitted with single screw motors, 
These barges are suitable for harbours, short coasting 
work and for ice harbours, as oil carriers or for 
general contractors’ work, atts and discharging 
aground.—Apply, JAMES DREDGING COMPANY, 
Belviiere Roai, Southampton. X 129 


()}d-established Foundry and 








ENGINEERING BUSINKSS at Mark, Somer- 
set, about 1% miles from railway and shivping 
wharfs at Highbridge, as poing coneern. Price, 
freehold, including goodwill, £21050; stock-in-trade, 
utensils and tools at valuation.—Apply, J. H. 
PALMER & SONS, Land Agents, Burnham, 


Somerset. X 226 
yor Sale, 


LYING AT ILULL AND KING’S LYNN. 

One 400 I.HP. Romy page Jet Condensing VER- 
TICAL STEAM ENGINE, by Victor Coates & Co. 
(1902), 80 r-p.m, ; Rope grooved Fly Wheel; Steam 
Barring Engine, etc. 

Two 8 ft. 6in, by 3u ft. Lancashire BOILERS (Yates 
and Thom) complete with mountings. A Green 96 
Tube Economiser. 

Two Avery l-ton AUTOMATIC WHIGHERS. 

One Avery }-ton WEIGH ER TOTALIZER. 

Four Bridge’s FRICTION CLUTCHKS, for 15 HP. 
with pulleys 30 in. by 9 in, by 2 in. 

Two Robinson No. 1 size BRANDUSTERS. 

One Set of three Watson Laidlaw 42 in. belt- 
driven HYDRO EXTRACTORS, suspended type, 
steel framing. 

One Taylor Hubbard 3 ton STEAM JIB CRANE, 
fixed base jetty type. 39 ft. Jib, All motions by 
steam, Boiler 80 |vs, press. 

One SO, GENERATING PLANT. 

26 Bail Bearing HANG#RS for 2} in. shaft, 15 in, 
drop. 

2000 sq. ft, No. 55 PHOSPHOR BRONZE WIRE 
GAUZH, 30 in. wide. 

Six FLOUR KLEVATORS, 6 in. by 4} in. and 
8 in. by 5 in, buckets. 

One Watford P.W. Type AUTOMATIC STARTER 
for use with 10 HP. Motor, 440 volts D.C. 

Five 3 in. and two 5 in. Gwynne Belt-driven 
CENTRIFUGAL PUMPS. 

Quantity of PULLEYS, VALVES, etc. 

Two International TIME CARD RECORDERS. 

THE BRITISH FARINA MILLS LTD. 


{In Vol. Ligq.), 
Room 65, 54, Victoria Street, London, 8.W.1, X 215 








[Fy the Proprietor of Patent No. 


141111 for “Improvements in or relating to 

Wire Twisting or Tying Devices" is DESIROUS of 
DISPOSING of the PATENT RIGHTS, or of 
negotiating for the grant of licences to work 
thereunder.—Communications should be addressed 
F. W. GOLBY, Patent Agent, late of His Majesty's 
Patent Office, 3, John Street, Bedford Kow, 
London, W.C. 1. X 203 
[The Proprietor of Patent No. 
26271 of 1913 for “Improvements in or 
relating to Coupling Devices for Separator Drums 
and the like” is DESIROUS of DISPOSING of the 
PATENT RIGHTS, or of negotiating for the grant 
of licences to work thereunder,—For yarticulars 
apply toG, F. REDFERN & Co., Chartered Patent 
Agents, 15, South Street, Finsbury, London, E.C. 2. 
OPES Sede ee SE deo X 205 
fo Sale or Hire. All Classes 
of RAILWAY WAGONS, 10 and 12 Ton 
capacity, with side and Knd Doors, Wagons for 
Yard or Private Siding use. Also Tank Wagons 
and other Trucks for specialised trades. Write for 
particulars.—T. G. BELL & SONS, Railway Wagon 
Contractors, York Chambers, Wigau. Telegraphic 
Address: ‘* Rail,” Wigan. Telep one: 750 Wigan. 
UT7l 


Fror Sale. 


MESSRS. HENRY .BESSEMER & CO, 
LIMITED, OFFER THE FOLLOWING ELKC- 
TRIVAL PLANT :— 


ONE—25 TON—5 MOTOR LADLE CRANE, by 
HERBERT MORRIS LTD., LOUGHBOROUGH. 


Complete'y equipped with 5 ton Auxiliary 
Grab. Span 67 {t.3in. Height of Lift 38 ft. 

Current supply, 100 Volts D.C. 

All motors interchangeable, and of the totally 
enclosed series wound type. 


FULL SPECIFICATION ON {APPLICATION 
TO ADVERTISERS. 


CRANE MAY BE SEEN IN WORKING ORDER 
DURING NORMAL WORKING HOUKS AT 
BESSEMER WORKS, CARLISLE STREET 
EAST, SHEFFIELD. X 220 


ROE & HA 


game? Globe Foundry, 


OFFICE £1875. 





r Sale, at Low Prices. 

Three 60 inch Water-driven Hydro 

EXTRACTORS by Wateon, Laidlaw & Co., Ltd.; new. 
condition. 

JOUN H. RIDDHL, LTD., 

40, St. Enoch Square, Glasgow. 


or Sale, Selections from 
Stock at Reduced Prices. 
Numerous ATR COMPRESSORS, Belt and Steam 
driven, from 10 ft. up to 2178 cubic feet. 
MACHINE TOOLS of aren Description. Ship- 
yard Plant and Equipment a Speciality. 
IF IT’S MACHINERY, SEND US YOUR 
ENQUIRIES. 
JOHN H. RIDDEL, LTD., 592 
40, St. Hnoch Square, Glasgow. 
Established 1876. 


| Ko Sale. 


TWO BABCOCK AND WILCOX PATENT 
WATER TUBE BOILERS, each having 4928 square 
feet Heating surface, constructed for a working 
pressure of 120 lb. per square inch. All necessary 
standard mountings comp!ete. 


TWO BABCOCK AND WILCOX PATENT 
INTKGRAL STHAM SUPERHEATERS. suitable 
for above boilers, and capable of imparting 100/120 
deg. Fah. of superheat to the steam generated in 
above boilers. 

TWO DOUBLE BABCOCK AND WILOOX 
PATENT MECHANICAL CHAIN GRATE 
STUKERS, giving an active grate area of 120 square 
feet per boiler, but exclusive of shafting or motor 
power. 

THE ABOVE ARE SUPPLIED AS ONE UNIT. 
THEY ARE COMPLETELY NEW AND UNUSED, 
AND IN CONDITION BXAOTLY AS SUPPLIED 
BY TUE MAKERS. 

MESSRS. HENRY BESSEMER £& OO., LIMITED, 
CARLISLE STRKET BAST, SHEFFIELD, WILL 
BE GLAD TO MAKK# SUITABIE APPOINT- 
MENTS “FOR INSPECTION, AND INVITK 


KEASONABLK OFFERS FROM BONA FIDE 


PURCHASERS, X 23 








. + 
PROM ENGINEERS ORAWINGS OF PATTERNS 


RISON ES. DERBY 








Wwe Established Smal] 


BUSINESS in the Mitlands FOR SALE, 
Would suit Draughtsman. £400 inclusive of stock # 
and fittings. kxcellent opportunity. usin 
taught to purchaser.—Address, X 231, Offices 
ENGINEERING. * ; 





O 
F Engineering WORKS and suitable Offic 
80 ft. by 30 ft., conveniently situated in North 
London. Owners would desire purchaser or lesees 
to undertake their present small repetition work = 
Address, X 214, Offices of ENGINEERING. _ 
Mechine Tool Makers with 

. well-introduced Specialities in Horizontal, | 
Radial and Vertical Drilling and Boring Machine 
are OPEN to DISPOSK of DRAWINGS, JIGS, 
DESIGNS, and MANUFACTURING RIGHTS, 
Great devclopment sible to enter ng p 
tical men,—Address, X 141, Offices of En¢INEERING, 


mt 


THE LEEDS ENGINEERING 


AND HYDRAULIC CO., LTD. 

RODLEY, near LEEDS: » 

PUMPING AND HYDRAULIC MACHINERY, ETC, 
SEE LARGER ADVERTISEMENT FORTNIGHTLY, 


Turbine Furnace | 
Co. Ltd. | 
































You cn PRODUCE YOUR OWN OXYGEN by Liquid Ait 





Complete plants in stock. 
Ask for tenders’ with 
cost price calculation. 


for Half the Price.... 


N. 


V. t. Technisch Koopmansgilde, 
Haarlem 
(Holland). 








GUEST-LENOX PATENT PRESSED STEEL SECTIONAL TANKS 





The above tank measures 61 ft. by 61 ft 


- CABLEGRAMS 


Sole 
Makers: 





LENOX & CO. 


eee nee 


. by 12 


(LONDON), LTD., 


“LENOX, MILLWALL.” 


ft. 6 in. deep. 


CRE BF WM og CORY 


As Supplied to 
H.M. War Office 
and Admiralty. 


When Ordering 
Tanks for Shipment, 
Reduce 
the Cost of Freight 
by 
specifying our make. 


PT BIIP AIT PETRIE LPNS NLA 


Light, Cheap, 
Bolted Joints, 
Easily Erected, 

Delivered From Stock, 

and 
The Strongest on the 
Market. 
Over 4000 tons supplied. 





POPLAR, E. 
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ROTATING DISCS OF. CONICAL 
PROFILE. 

As is well known, mathematicians have been 
unable to find exact expressions for the stresses in a 
rotating disc even when the latter is of the simplest 
possible form, that is to say, of constant thickness. 
Nevertheless, on certain assumptions which are at 
least approximately correct, it has been possible to 
determine, with an accuracy sufficient for the needs 
of the engineer, not merely the stresses in a disc of 
constant thickness, but also those arising in discs 
in which the thickness z at different radii can be 
expressed in the form 


re 


where r denotes the radius in question and C and a 
are numerical constants. 

This problem appears to have been worked out in 
the first instance by Dr. de Laval, but his results 
were independently obtained by many later investi- 
gators, although they seem to have been first 
published by Professor Stodola. The formule thus 
obtained are of a type very inconvenient for prac- 
tical use, but as was pointed out in ENGINEERING, 
the difficulty may be turned by adopting semi- 
graphic methods of calculation, and the system then 
described has been subsequently still further deve- 
loped by Mr. W. Knight, who computed and plotted | 
many additional curves which were published in our | 
issue of August 3, 1917. With the same assump- 
tions as to-the-boundary Conditions these diagrams 
necessarily yield the same results as the formule from 
which they are derived. This point seems to have 
been frequently overlooked, and naturally if one hy- 
pothesis is adopted in determining stresses from the | 
diagrams and another in computing them from the | 
original formul, discrepancies are bound to appear. | 

When the thickness of the disc varies according to 





C 
the law z = —the resultant profile is of the type 
ra 


represented in Fig. 1. The bounding curves are 
somewhat troublesome to machine, and accordingly 
there has been a tendency towards the adoption of 
straight-sided profiles such as is represented in 
Fig. 2. If the straight sides are produced, as indicated 
by the dotted lines, to cut the axes of rotation at a| 
and b, and in the opposite directions to intersect at 

e and d, the disc included between these lines 








ten years ago an approximate arithmetical solution, 
which involved the solving of a number of simul- 
taneous equations, appeared in the Revue Mecanique. 

From the mathematical standpoint the general 
problem reduces itself to the determination of the 
stresses produced in the solid double cone d, a, c, b 
(represented in Fig. 2) by two different sets of forces, 
viz., (1) by the centrifugal forces acting alone, and 
(2) by the application of a load of say 1 lb. per inch 
run applied along the knife-edge forming the peri- 
phery. For the complete solution we also require 
to know the stresses which would be produced in 
the disc by an infinitely great pressure applied to 
the interior of an infinitely small hole drilled through 

















the dise at its centre. As this infinite pressure is 
applied over an infinitely small area, the stresses 
are finite everywhere save at the surface of the 
infinitely small hole. 

If we can determine the stresses due to these 
three independent systems of loading we can deduce 
from them the stresses developed in any concentric 
annulus cut from this rotating disc, loaded at its 
periphery with blading and joined on to a hub at 
its inner periphery. 

Let the outer diameter of the disc be 2 R (see 
Fig. 3), and let r be any other radius. Consider a 


consists of two cones placed base to base, and if|thin ring at this radius of radial thickness A r. 


the stresses in this “ generalised’? form can be | 
found, 


form derived from it. 


Then if this ring were completely isolated and 
we can also deduce those in any practical | rotating, the tangential stress developed in it by the 
| centrifugal forces is accurately given in lb. per 


So far as the writer is aware no general solution | square inch by the expression 


for the stresses which arise in these conical discs has 
hitherto been published, although some nine or 


rae (2) (BEM)! 
10 100 





In this formula it is assumed that the material is 
steel* whilst d denotes the mean diameter of the 
thin ring expressed in inches. 

The total tangential pull is equal to the stress ¢ 
multiplied by the cross-section of the ring, that is to 
say, it is equal tofz ar. 

Actually, the ring is not free, but forms part of the 
disc and is thus subjected to radial tensions on its 
inner and outer surfaces. Let us denote those on 
the inner surface by p where p is expressed in 
pounds per square inch. Then by the ordinary 
formula for the strength of boiler shells this load will 
produce a total tangential force on the ring equal 
to pzr. The stress p being a tension, the resultant 
tangential force in the ring will be a thrust. Coming 
next to the external periphery of the ring we note 
that p zr isa function of r, hence, by Taylor’s 
theorem, the total tangential force due to the tension 
applied to this outer periphery of the thin ring 
will be 

d 

dr 
involving higher power of Ar which may be neg- 
lected when Ar is small. This tangential force is 
obviously a tension. The total resultant tangential 
force on the ring is the algebraic sum of these 
three terms. If the resultant stress be denoted by q 
this resultant tangential force will be qzAvr, and 
we thus get the relation 


pzrt+ -(pzr)Ar + terms 


qzAr=tzAr — per + per+ (pzr) Ar 


, 
Whence 


(1) 


This equation gives one relation between the 
radial stress p and the tangential stress g. It is 


d 
Z2= — (pzr) + tz 
q 7. (pzr) 


‘ T r2 oad (cs 
convenient to replace ¢ by Re’ where T is equal to 


+ (By eee 


~ 100 
D being the external diameter of the disc, i.e., 
D =2R.. Hence we get from (1) 


d T 
zr) + —r2z, 
(per) + oor 


qz= = (2) 
dr 

In the foregoing it has been assumed that the 
stresses p and g may without any very serious error 
be taken as uniformly distributed over the sections 
on which they act. This assumption is the usual 
one made by Professor Stodola and others, and even 
within the elastic limit the condition is approxi- 
mately satisfied if the faces of the double cone do 
not make a large angle with each other. So far as 
the ultimate strength of the disc is concerned, the 


D 


10 


_ * For other materials the coefficient 2 should be 
increased or decreased in the ratio of the specific gravity 
of the materia! vsed to the specific gravity of steel. 
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hypothesis is very nearly true, even if, the angle 
between the faces be fairly large. 

There are various ways of eliminating g from 
equation (2). Perhaps that least open to criticism 
is based on Castigliano’s theorem. Every elastic 
structure when stressed acts as a spring, and in 
virtue of being in a state of stress has accordingly 
stored up in it a certain potential energy. By 
Castigliano’s principle, the stresses always adjust 
themselves so that this “‘ potential energy of strain ”’ 
is a minimum, consistent with the equilibrium of the 
forces acting on the structure. One advantage 
of this principle is that it is often possible to see 
from general considerations that certain of the 
stresses will contribute little to this store of potential 
energy, whilst in the other cases what they do 
contribute will vary but little with any reasonably 
conceivable distribution of the remaining stresses. 
In both cases, accordingly we need take into 
consideration only these remaining stresses. In 
the present case these considerations do not arise 
as it has already been assumed that the only stresses 
with which we need concern ourselves are p and gq. 
Let e be the radial strain at any point of the disc 
where the radial tension is p. Then the strain 
energy stored up in one cubic inch of the metal, 
due to the stress p, is ee Similarly, if f be the 
tangential strain, the work stored up in one cubic 


inch, due to the stress q, is af Since the total 


= 
volume of our thin ring is 2 * rzdr cubic inches 
the total work stored in it is 


errs (Pe +2) ar. 


1 " ‘ 
If = denotes Poisson’s ratio, we have 


Bas Pees. 
E mE” 
whilst 
— =. - Se, . 
f E mE ? 


Substituting these values for f and e we get for the 
work dW stored in our elementary ring the 
expression 


dW = ore (pe--22 4 y) dr. 





The work W stored up in the whole disc is found 
by integrating this between r= Oand r= R. 


Whence 
R 
| (ve - 22942) rear - (8) 
0 m 


W= 
and by Castigliano’s principle this must be a 
minimum. 
It is convenient to change the variable from 


r to x where x = 5, 80 that dr = Rdz. Then, if 


Z be the thickness of the disc at the centre, the 
thickness at any other point is given by z = Z (1 — x). 
Making these substitutions in (2) gives 


<>) Ba 


(l-2)g=4p(l—2)2+Tat(l—2) . (4) 
ax 


whilst, ignoring certain constant coefficients, the 
integral in (3) reduces to 


1 
( » _ 2P¢ +9) a(l—2)da  . (5) 
J0 % 

The mathematical work can be simplified by 
two further substitutions, viz. P=(l1— x) p 
and Q = (1 — x)q. We thus get from (4) 


dp 
P +2 
Q= dz 


whilst (5) becomes 


1 2PQ x 
(e =: ie + jis az. OF eh 


Let us denote the expression in the brackets by V 
Then the calculus of variations shows us, that 
for this integral to be a minimum as required by 
Coote’ s theorem, we must have 

x dqV_da x adv 


+Tat(l-—@) . = ae) 
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SRETE IN PIT-HEAD GEARS. 


(For Description, see opposite Page.) 








Fira. 1. 
Again, 
dV .2P#Q:, «440 
IP apt tose 
and from (6) 
dQ _ 
dP 


Inserting these values and substituting for Q in (8) 
we finally arrive at the following differential 
equation for P— 


(1-2) P+@-22 at? yo (geen et 
+ (3-5) Tea—a=o ee 


From the theory of differential equations we know 
that the complete solution of this equation consists 
of three parts, viz., any solution whatever which 
satisfies (9), plus two independent solutions of the 
** auxiliary ’’ equation— 


> 
(1-2 )P+@-20) 9% +e@— 1 SF mo. 
m dx 


If we take Poisson’s ratio as 0-3, this equation 
becomes— 
dP 


- dP 
0-7P +(3 —2 
7 ( a 


+a(x—-—1 ) om =0 (10) 
Solutions of this can be found in the form of 


infinite series. One such solution, valid for all 


, | values of x between 0 and 1, is— 


a fe ee OTe OF PR Bae 
P=A (1 oe OT That S718 S35 te.) 

Here A is an arbitrary constant. We defer 
for the present the consideration of the physical 
significance of this solution, and thus merely note 
in passing that the radial stresses due to P, 
are equal to at . 
The corresponding tangential stresses are equal 
Q 


to where 
l—2z 





d Py 





= miesnininited ido eet’ SE A 
l-s'@P de l—-e' dP 8) 
7 fe: “ ” dP 
Where P’ is “ shorthand ” for re 
obviously 
UF Lape S 2 2288 uggs. 
ge “m™ =mdP aP 
From equation (6) we see that so =], 


= Py + 
Qi te AB 











HEADGEAR AND RECEIVING PLATFORMS AT THE LimMBOURG-MEUSE COLLIERIES. 


A second independent solution of (10) is— 


Pe = Bil — 2 (1 +*Sa- a) +53. WS - ae 
+e ee 2 19°3 (1 — 2 + &o. 
3 8 15 
Here B is another arbitrary constant. This series 


is convergent for all values of x between 0 and 1, 
but becomes infinite when x = 0. The radial stress 
ne 





= is that due to an infinite pressure applied 


to ye interior of an infinitely small hole drilled 
through the centre of the disc. The corresponding 


tangential stress —s is derived from the expres- 


sion— 


Qe = Pe +a 2%e 


The solution of the original equation (9) is easily 
derivable from P, or can be obtained directly by 
the usual symbolic methods, on changing the 
variable from x to 6 where @ is defined by the 
relation z = e® Denoting the solution thus found 
by P; we have— 


Qs=P3 +27 P3 47 221 — 2), 
dz 


The stresses due to a combination of those corre- 
sponding to P, and P; are 


vis CP; + Ps 
1-2 
and 
g= C+ % 
1-2 
Here © denotes a constant, chosen so as % make 
CP, + P;=O0whenz=1. IfweputCP,+P;=¢ 
and CQ, + Q, = ¥, values of ¢ and » for tet 


values of x are tabulated in Table I, together with 





corresponding values of P,, P,, and Q;, Q,. Both 
the series for P, and P, converge very slowly for 
| certain values of x. In the first case the convergence 
‘is slow when 2 is nearly unity, and the second case 
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THE USE OF 


ENGINEERING. 


REINFORCED CONCRETE IN 


PIT-HEAD GEARS. 

















2. GENERAL VIEW OF THE Prt-HEAD WorKS aT THE LimMBoURG-MEUSE COLLIERIES. 








Fic. 3. THe Evevatep Treprne SHED AT THE -LIMBOURG-MEUSE COLLIERIES. 


the convergence is extremely slow when x is nearly | expressed in a finite form. Advantage has been 


zero. 





TABLE I. 


Fortunately, however, after some 50 terms|taken of this in computing some of the values 


| printed in Table I. With the aid of this table 
| the stresses in conical dises can be computed about 





ey ee 
0-0 1-00000'1-0000 


0-10 6-97627/0-95214 


0-15 — — 
0-20 0-95170'0-90163 
0-25 — — 
0-30 0-92616/0-84799 
0-35 —/]}— 
0-40 0-89953/0-78960 
0-45 — | — 
0-50 0-87163/0-72853 
0-60 08422010 -66047 
0-70 0-81091/0 -58400 
0-80 0-77723/0-49618 
0-90 0-74021)/0-38668 
1-00 0 


-69702/0 -20911 
| 


9 


mbhooror 


bom so 


ocooorrF, 


-012053 


| 


Q |¢=T«| y=T2|as easily as they can in the case of a disc of uniform 


| thickness. 

| (To be continued.) 

|THE USE OF REINFORCED CONCRETE 

FOR PIT-HEAD GEARS. 

| By W. L. Scorr, A.M.Inst.C.E. 

| Durie the war and for some time after its 
3 | conclusion, the interchange of civil engineering 

034278 | ideas and experience between this country and the 

— |various other European countries involved, un- 
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|avoidably lapsed, and the large amount of building 


have been directly computed an asymptotic re- | work going on in connection, with the reconstruction 
current series can be substituted for the remainder, | of the devastated areas includes many innovations 
and the sum of such a recurrent series can be!not yet brought to the notice of engineers in 


|this country. An instance of this is to be found 
}in the great strides that have been made in the 
North of:France and in Belgium in the development 
| of reinforced concrete for industrial and other works 
hitherto. carried out almost exclusively in steel, 
| timber or brick work. 

In certain areas, notably in the Lens and Bethune 
| districts, the industrial buildings were entirely 
| demolished, and before proceeding with their re- 
| construction it has been possible to replan them 
|on the most modern lines, utilising to advantage 
| the experience gained and progress made since 
their earlier erection. Very considerable ingenuity 
has been shown by French engineers in the lay-out 
and arrangement of these new works, and a visitor 
to the devastated regions of northern France cannot 
help being impressed by the extent to which rein- 
forced concrete is being applied in this direction. 
The change in the use of materials mentioned above 
is perhaps most marked in the case of the rebuilding 
of mining installations. Whereas, before the war, 
it was exceptional for reinforced concrete to be 
employed for such use as pit-head gears, the writer 
cannot recall having seen during a recent visit to 
these parts, a single case of a head gear being 
reconstructed either in timber or in steel. There 
were, however, many instanccs of the use of 
reinforced concrete. Some of these are complete 
and have been in use for a considerable time. 
The designing engineers for all the works dealt 
with in this article were Messrs. Pelnard, Consid re, 
Caquot et Cie., of Paris. In the preparation of the 
designs, consideration only has been given to the 
actual work and stresses imposed upon the head 
gears, no attempt being made to follow the arrange- 
ment adopted in the designs of the older timber 
and steel structures. 

In pioneer work where concrete has been employed 
as a substitute for steel or timber for other engineer- 
ing structures, the arrangement used in the previous 
designs has been too frequently adopted, and the 
resultant loss of economy can be readily seen by a 
brief examination of certain of the earlier types of 
wharves and jetties erected in reinforced concrete, 
both in this country and abroad. 

The accompanying illustrations, Figs. 1 to 8. 
on pages 1 to 5, show more clearly than any 
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written description the types of reinforced con- 
crete head gears already constructed. It is not 
possible to give a general description which would 
be applicable to these structures as a whole, since 
at the various pits differing conditions have necessi- 
tated the designs for the towers and adjacent 
buildings of each pit being treated separately upon 
their merits. There are, however, some points in | 
the design of these head gears common to all or | 
most of them, which may be of interest to the reader. | 

In every case the towers have been provided with | 
ample accommodation at the head wheel levels, | 
and a roof has been added which gives protection | 
to the wheels, &c., against weather. Attention has | 
also been paid to the appearance of the upper part | 
of these towers, since, although in the immediate | 
vicinity of the works architectural effect may be | 
held to be of no serious moment, these head gears | 
in some cases are considerably moze than 100 ft. | 
high and situated as they are in flat country, can be | | 
seen for many miles. The back inclined legs are | 
designed to withstand the compressive force re- | 
sultant from a pull on the winding rope equal to its | 
breaking strength, this, of course, being a possible | 
condition due to overwinding. The breaking | 
strength of the ropes in the head gears dealt with | 
here, vary between approximately 50 tons and 200 | 
tons. | 

In some cases, for instance, at the No. 4 and No. 7 
mines belonging to the Bethune Company, the | 
inclined legs as well as the vertical legs pass through | 
the adjacent receiving and check-weighing buildings. | 
Where this occurs, a space has been left around them | 
at their points of penetration through the roof and | 
floors below. The reason for this is due to the fact 
that while working, the pit-head building may be | 
subject to considerable vibration and also that under | 
exceptional circumstances the head gear may have | 
imposed upon it very serious stresses, and in view | 
of this it has been considered desirable by the | 
designers to permit the tower structure to stand | 
alone so that its elasticity as a whole may not be | 
impaired. 

In cases where the rear inclined legs are at a lar ce | 
angle with the tower due to the winding-house | 
being situated some distance from the pit mouth,| section, thereby producing an approximately 
it will be noticed that the profile is somewhat | uniform compressive stress due to the combined 
unusual, the a kept a straight line | thrust and bending, and preventing any over-stress 
and the section increas@l in area towards its mid-|in the top flange. It will be noted that the principle 
length. Since these members are unsupported | stress throughout these head gears is compression, 
vertically and span between the tower at their upper | and consequently reinforced concrete is a material 
end and their bases at the ground level, con- | very economically suited for their construction. 
siderable bending moments are developed due to | In the case of the pit-head gears to the Limbourg 
their own deadweight. As an offset to this the | Meuse Collieries, illustrations of which are given in 
compressive force transmitted to the legs resultant | Figs. 1 to 3, pages 2 and 3, special arrangements 
from the pull on the winding ropes, is designed to | were required in connection with the foundations of 


pass through a point below the centroid of the | the vertical legs of the tower owing to the preliminary 

















Fic. 6. Heap Gear or No. 1 Prt; Lens 


Mines Company. 





Buruprnes at No. 4 Pit; Beraune Company’s Works. Fie. 5. 




















ENcLosED CABIN AND CABLE SHEATHS AT THE 
BretHune Company’s Works. 


bores entailed, in connection with the freezing 
process used in sinking the shafts. In erecting these 
works satisfactorily some difficulty presented itself, 
as it was necessary to carry on the construc- 
tion without interrupting the sinking operations 
for the mine shafts, in connection with which 
there was a considerable amount of machiney and 
plant scattered over the site of the proposed struc- 
tures. It is to the credit of the contractors, Messrs. 
M. Monnoyer and Sons, of Brussels, that this was 
successfully accomplished without an accident of any 
kind occurring, notwithstanding that during this 
period over 11,000 tons of material were removed 
from No. 1 pit. 

The pit-mouth building sooupies a rectangular 
space of about 70 ft. by 50 ft. It consists of two 
receiving platforms respectively 35 ft. and 44 ft. 
above ground level, and is covered by a parabolic 
vaulted concrete roof stiffened by ribs spaced about 
20 ft. apart, tied by means of tie-beams suspended 
from the roof. The reason for the two receiving 
platforms is that the cages for these pits are of the 
** double-deck ” type. 

The pit-head towers at these works, one (Fig. 1 
of which has already been completed, form very good 
examples of the manner in which concrete is being 
applied to these structures. They are 15] ft. high, and 
at the head of each are installed four head wheels, 
19 ft. 8 in. in diameter, two being installed on axes 
respectively 114 ft. and 121 ft. above ground level. 
The winding is at present from depths of 2,300 ft. 
o 2,600 ft., but arrangements have been made for 
a depth of 3,200 ft. to be dealt with. 

In designing the above towers the following data 
were used :— 

Diameter of shaft aoe ‘aa 2OCEE. 


Number of cages 2 
Dimension of cages 10 ft. 9 in. by 3 ft. 
by 23 ft. 
Weight of one cage with eight 
tubs... --» 19+5 tons. 
Weight of winding rope. .-- 28 1b. per yard. 
Stress on rope when winding... 32 tons. 
Distance from centre line of pit 


to foot of strut ‘ 80 ft. 
Lateral distance between feet of 
struts 35 ft. 


Distance between axis of pits 
and Koepe pulleys a 
Total weight of head gear 


155 ft. 
700 tons. 


The inclined legs are arranged in these head 
gears without any lateral support in the vertical 
plane, and as described above are designed to resist 
the breaking strength of the winding rope, amounting 
in this case to 212 tons. 

The three illustrations given of these works 
show several interesting features, and the arrange- 
ment of bracing to the tower of the head gear 
already completed is clearly indicated. It will 
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also be seen from the photographs, especially the | These wooden beams were then utilised for holding 
view in Fig. 2, to what an extent reinforced | the safety stops. 
concrete has been applied in the work adjacent} When these works are cunpinten the head 
to the head gears, these latter structures forming | gears will be surrounded by buildings, and the 
only a very small part of the total reinforced | enclosed cabin shown in the illustration has been 
concrete scheme. Fig. 3 is a view of the elevated | introduced in order to facilitate the sealing of the 
tipping floor, which is covered by a somewhat novel | roof to the future building at the point where the 
form of concrete roof, similar in type to that over|tower penetrates it. The following data were 
the pit mouth building briefly described above. |employed in the design of these head gears :— 
An interesting illustration is that of the head gear | j 


“ 7 ; D t 1] 1 . 6 in. 
at No. 1 pit of the Lens Mines Company (Fig. 6). | Weight of ore pulley f af A sy 6 
[his is one of three which are identical in type | Weight of two pulley blocks ... 3 tons. 
and owned by the same company. The total height | Distance between centres of ; . 
fron > _ i pulleys . 5ft.10in. 
rom ”~ ground to the roof of the tower is 111 ft. | Beeaking weight wok 71 tena: 
6 in. nese particular head gears are of a special | Normal load raised 10 tons. 


Height from ground to axis o of 
pulleys ats eos, OU RGe 
Load on pump cable . 41-4 tons. 


type, the reason being that they were first of all used | 
in connection with ‘excavating and pumping out | 
the pits that had been completely demolished by the | 


Germans. The pumps used were very cumbersome,| It may be of interest to give some of the general 


and were suspended from a pulley attached to stout | 
wooden beams about 52 ft. above the ground. The 
cable then ran down vertically to another pulley 
at the foot of the tower, and was eventually wound 
on to a winch some little distance away. As soon as | 


| above the ground level. 
the ‘‘ double-deck ” type an extra receiving floor is 


dimensions and levels usually adopted for the 
design of headgears in France and Belgium. The 
main receiving floor is situated from 33 ft. to 40 ft. 
Should the cage be of 


the pits were pumped dry the pumps were removed | constructed from 40 ft. to 47 ft. above the ground. 
and the guides for the cages were put in place, the | This condition, it will be noted, obtains in the 
cables from which the cages were suspended passing | | Limbourg Meuse installation, previously mentioned. 
over the upper head wheels. The wooden beams | After arriving at the receiving floor the tubs run 
which were temporarily used in connection with the | straight down to the screening sheds and return 
pumping were removed in order to give a free | empty to their starting point. The tubs discharge 
passage to the cage in the event of over-winding.| their coal into the screens, and the coal falls 














Pit-Hrap GEAR AND RECEIVING 
BuitpiInc CoMPLETED AT JOURGES. 


Fie. 8. 


| gradually from screen to screen until it reaches the 
‘lowest line of hoppers under which the railway 
| trucks travel. This fixes the minimum height of the 
receiving floors at 33 ft. to 40 ft. above ground. 

If the receiving floor is, say, 36 ft. from the 
| ground, and the cage has a height of 20 ft., the 
| coupling device between the cable and the cage will 
| be at the 60-ft. or 62-ft. level. The head wheels 
will, therefore, be at a level of about 78 ft. to 80 ft. 
above ground. Beneath these are placed the 
safety devices, the function of which is to stop 
the cage and prevent it striking the head gear in 
case of over-winding due to an error of judgment 
of the operator, or a failure of the automatic stop- 
ping device in the engine-room. 

To dismantle and remove the cages the following 
method is employed : The underside of the cage 
is raised about 5 ft. above the ground. The pit 
mouth is then closed by panels fitted with rails 
which coincide with the track laid on the ground. 
A special truck is now run in and the cage lowered 
on to it. The cable is then unhooked and the cage 
|run out clear of the framework of the tower. 

With regard to the safety device, it is found in 
practice that if the cage passes the receiving floor 
level at full speed it will hit the stopping device 
with such force as to cause very serious damage. 
On the assumption that the cage is liable to run 
up to the head wheels the tower has to be provided 
with some sort of cabin to retain the damaged 
cage after striking the buffer beams. In the upper 
part of this chamber the buffer beams are situated, 
and at its floor level are placed the safety stops 
which are pushed aside as the cage ascends, and fall 
into position again automatically and prevent the 
cage from dropping after. the cable has broken. 
In the case of the pit-head gear at Lens the beams 
holding the buffers are in the roof of the cabin at 
about the 72-ft. level, and the safety stop beams 
are at the 53-ft. level. 

For many years in France the question of 
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automatic safety devices has been the subject of 
much discussion. Some engineers are of the opinion 
that by introducing automatic safety devices the 
men in charge of the winding gear are liable to 
rely too much on the automatic gear instead of 
watching the operation themselves. Actually there 
are no automatic devices which are infallible, a 
remark which is applicable not only to mine work- 
ings, but also to railways, and, as is very well known, 
more reliance is placed on the vigilance of the man 
in charge than on any automatic safeguards. On 
the other hand, safety devices have become the 
rule in the mining world, but it appears that they 
are practically always duplicated. 

It is considered by many engineers that the 
simplest and surest method to prevent the cage 
being overwound and damaging the head tower is to 
have the guides constructed so that they incline 
inwards slightly, and the cage as it ascends beyond 
its correct level gradually becomes wedged in them. 
The pressure thus exerted by this method of braking 
whilst sufficient to buckle the frame of the cage, 
checks it very effectively, and absorbs the shock. 

Whilst the question of the safe manipulation 
of the cages does not affect the relative merits of 
reinforced concrete head gears, it is important from 
the structural point of view owing to the desirability 
of eliminating as far as possible any chance of 
damage to the head towers. 

In the case of mine No. 4, belonging to the 
Bethune Company, the head of the tower is com- 
pletely enclosed, as shown in Figs. 4 and 5, and the 
winding ropes where they pass from the pulleys to 
the building below are encased by concrete sheaths 
of inverted channel section to protect them from 
the weather. This casing—which is only about 
2 in. thick—is clearly shown in Fig. 5. The pro- 
vision of these sheaths in reinforced concrete 
illustrates the precautions which have been taken 
to reduce to an absolute minimum the amount 
of exposed steelwork so that the cost of external 
maintenance shall be as far as possible eliminated. 

Regarding the roof and framing for the head 
wheels in the above head gears, the appearance of 
these suggests that their principle object is to 
provide the wheels with protection from weather. 
This is not strictly correct, since a more important 
function of this top framing is to provide the 
necessary supports for the tackle by which the head 
wheels are removed. Most of these head wheels 
are removed in two halves, since their diameter 
usually exceeds the internal dimension of the tower. 
In some cases a simple pulley is employed, and the 
head wheels are suspended on a cable passing to a 
winch situated on the ground some distance from 
the tower. With this arrangement the top framing 
may be subjected to very important transversal 
stresses, which necessitate the introduction of either 
strong pillars and cross diagonals, as in the case of 
the Dourges head gear (Figs. 7 and 8), or alterna- 
tively solid walling, which was adopted for the 
Limbourg Meuse Works. 

At the conclusion of the war there was great 
difficulty in obtaining rolled steel sections of the 
shape and dimensions required for a head gear, 
and it was principally owing to this that reinforced 
concrete was introduced for this work on so large 
a scale. The necessary steel rods forming the rein- 
forcement were available in France, and it was 
possible in three or four months to construct a 
complete head gear, this period being at that time 
insufficient for the delivery even of the necessary 
structural steel work. 

In the earlier pit-head gears the designers only 
employed concrete for the struts and supports to 
the head wheels, steel- being utilised for the con- 
struction of the tower itself. This arrangement was 
adopted for the pit head gear at Dourges, illustra- 
tions of which are giver in Figs. 7 and 8, page 5. 
The first of these shows the head wheel structure 
standing alone, and the second the structure com- 
pleted with the steel cage towers, and the surround- 
ing buildings. It was found after the gears had 
been working for some time, that there was no 
appreciable vibration of the reinforced concrete 
work, and a further sfep was therefore taken, and 
in subsequent installations the tower was also con- 
structed in the same material. 

Distinct from the question of the structural 


is the very important question of first cost. In 
view of the present industrial situation, engineers 
rightly give the latter question equal consideration 
withthe former. Messrs. Considére, when appointed 
engineers for this work, were given a very free hand 
with their designs, and, partially due to this, were 
able to keep costs down to figures that compare 
very favourably with the more common steel and 
timber types. In making these comparisons, the 
cost of maintenance and renewals has been dis- 
regarded, but they are nevertheless important 
factors in favour of reinforced concrete construction, 
and it is only fair that they should be given due con- 
sideration when investigating first costs. 

The prices obtainable for the foregoing work 
cannot be used as a criterion for costs in this country, 
even making the necessary allowance for rates of 
exchange, since the cost of materials and rates of 
labour themselves differ relatively from those 
obtaining in Great Britain, but in cases where the 
more or less permanent structures are required, it 
would certainly appear that reinforced concrete 
could be economically employed for head gears, 
especially by the introduction of such minor amend- 
ments to the designs as the constructive costs in 
Great Britain necessitate. 








THE EDUCATION OF ENGINEERS. 
By Ernest G. Breck, Wh.Ex., Assoc.M.Inst.C.E. 


Bryonp the possibility of doubt or question, 
a change is taking place in the very substance and 
fabric of the profession, as well as in the industries 
with which it is mainly concerned ; and this change 
is at once so positive in character and so right in 
tendency that the utmost care is necessary to ensure 
that it shall be turned to useful account in the best 
interests of the community as a whole. Any 
attempt to describe this change in precise terms 
would be likely to serve little or no practical purpose ; 
while it would probably lead to argument on mere 
words, with the result that the main issues would 
become dimmed, if not completely obscured. 
Speaking broadly, however, there are clear indica- 
tions that the change is being brought about by 
a demand for the adoption of a more human attitude 
towards all aspects of the work—a plain and natural 
outlook, free from affectation, mysticism and all 
that savours of the exclusive cult, upon even the 
more highly scientific portions of design, adminis- 
tration and research. 

There is no reason whatever to fear that the 
simplification of engineering education by this means 
would in any way weaken or lower the status of 
the profession—indeed, the tendency would be 
distinctly and strongly in the opposite direction, 
since emphasis would be laid upon the importance 
of skill in the practical application of knowledge 
rather than upon the mere absorption of multi- 
tudinous facts and principles. True distinction is 
not to be acquired through the rendering of stock 
answers to a few stock questions concerning the 
acrobatic exploits of “i,” any more than through 
the mispronunciation of simple English words. 
Scientific knowledge is not the only ingredient 
necessary for the making of an efficient engineer ; 
and although knowledge of ascertained fact is 
required (and in the fullest possible measure) 
in order that it may be employed as a basis for 
projected designs, the knowledge likely to be most 
valuable as giving clear vision in these respects is 
that full comprehension of plain physical reality 
which enables a man to form a reliable prediction 
as to the probable consequences of a proposed 
action, and to trace backwards accurately from an 
observed result to the causes of which it is the 
effect. 

Practically all the school work which is so com- 
monly—and so wrongly—regarded as the “‘ educa- 
tion ’’ of an engineer is in fact no more than the 
preliminary equipment necessary as a groundwork 
or basis upon which his education may be built. 
And just as over-elaboration or disproportionate 
refinement in the foundation -for a structure— 
anything, in fact, which tends to invest the founda- 
tion with a false importance of its own, apart from 
its only true function of supporting the particular 
structure for which it is designed—cannot fail 
to affect adversely the structure as a whole, so the 





efficiency of these head gears and adjacent works 


over-elaboration or disproportionate refinement of 


mere schoolwork — anything, in fact, which tends 
to present it otherwise than as a preparation for 
practical work—inevitably hinders the real educa- 
tion of an engineer. At the best it will absorb 
time and energy in the performance of unproductive 
tasks ; while it may (and frequently does) result 
in a permanently distorted view and false per- 
spective. 

Let it not be thought that there is in these 
remarks any suggestion that the schoolwork should 
be either reduced in scope or given less attention. 
On the contrary, its scope should be widened as 
much as possible, and it should receive the utmost 
and the closest attention—but always as a means 
to an end, and with that end always clearly in view. 
It is a fact capable of proof by anyone sufficiently 
interested that the necessary schoolwork can be 
done, by ordinary students of average intelligence, 
at once more effectively and in less time if the 
method of presentment be based throughout upon 
plain, human reality and the experience of com- 
mon life than if the more orthodox methods be 
followed. So far from being impossible, these 
things are not even difficult if approached in the. 
right spirit. Granted the desire for real efficiency, 
and the permission of those in authority, it is less 
troublesome—and obviously more satisfactory— 
for a teacher to demonstrate a physical reality than 
to expound an abstract ‘“‘ conception’ which: is 
supposed to have no physical counterpart. 

The error we have made and are still making 
lies not in the doing of schoolwork, but in our 
manner of doing it—in the false elevation into an 
end in itself of that which can never, in truth, be 
more than a means to an end. Schoolwork, 
properly regarded, should provide the student with 
his stock methods for doing things—i.e., what may 
be called his rudimentary technique. It is not 
by any means the technique which he actually 
employs in his practical work, for that he builds 
up and develops day by day throughout his life, 
improving old methods and devising new to suit 
his own individual needs as new difficulties are 
encountered. It is merely the broad survey of 
salient features in their proper relation, about 
which the whole scheme may be explored without 
confusion or error—tending to prevent the pro- 
duction of mere monstrosities, and also the “ dis- 
covery ” of things which have been already proved 
worthless. Thus, it is enormously important as a 
basis for the later development, for if well done 
and truly regarded it will provide a sure foundation, 
while if poorly done or falsely regarded the later 
work will inevitably lack stability and permanence ; 
but of itself alone—if it be not accompanied and 
followed by that for which it is a preparation— 
this rudimentary technique is practically valueless. 
Prizes and diplomas may be given to encourage, 
and as evidence of, its acquisition; but this does 
not alter the fact that it is no more than a pre- 
liminary to the real undertaking. A certificate 
of proficiency in the school work of engineering is not 
evidence of ability as an engineer ; and if regarded 
as such, it will inevitably lead to disappointment 
for its possessor, and to dissatisfaction for others. 
It cannot properly be regarded otherwise than as a 
ticket of admission to the real study of engineering 
among the things of actual life in the world. As to 
what the holder will do in that real study, none can 
say; but at present it would seem that his subse- 
quent achievement usually bears little relation to 
the endorsements upon his ticket of admission—and 
this reflects adversely upon our engineering school 
methods, for if the schoolwork were done always 
with the real work in view, excellence in the school 
work would of necessity indicate aptitude for the 
real work. 

Unquestionably the evil lies, to a very great 
extent, if not entirely, in the unnatural attitude 
of detachment from simple, human reality which is 
so generally adopted ; and it is unquestionable also 
that this attitude has been brought about largely 
through wrong methods of studying and teaching 
mathematics. The subjects of “pure” mathe- 
matics are taught always as supernatural matters 
which are of necessity incomprehensible to the 
human mind; and as relating to conditions which 
are impossible of realisation in a world which is 
irretrievably spoiled and degraded by the presence 
of human beings. The subject known as “ applied ”’ 
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mathematics is taught strictly as applications of this 
supernatural essence to things which have been 
freed, as far as possible, from the taint of human 
association. No attempt is made to bring even 
portions of it down to earth for mere human con- 
templation. The student must ascend (or, rather— 
which is far worse—must delude himself into a 
belief that he has ascended) to the higher planes to 
witness the applications ; and he is unable to bring 
anything back with him on his return to earth. 

Even in the quite modern subject of “ practical ” 
mathematics, the mystery of the supernatural is 
preserved; the main cbject being, apparently, 
to present a few cold fragments from the outer 
fringe of the incomprehensible, in a form suited 
to the limited intelligence of engineers and others 
who cannot hope to rise above that peculiarly 
benighted stage which is termed “practical.” 
Even the units in which our pitifully rough measure- 
ments are taken have to be simplified for us by those 
who can bear to ascend the mountain on our behalf ; 
but lest these poor simplified travesties of the 
incomprehensible “ truth ** should defile others, they 
must be carefully labelled as “ engineer’s ” units— 
and perhaps those who purvey such dangerous 
commodities may some day be required to register 
the names and addresses of their clients, as with 
rat poisons and weed killers. It is more surprising 
that engineers should have tolerated such a state 
of affairs for so long than that they should now 
revolt against it and demand its replacement by 
something more rational and sportsmanlike. 

To search back with the object of discovering the 
origin of this abstract view regarding mathematics 
might be interesting and instructive in some ways ; 
but it would occupy much time and labour, with 
little prospect of real benefit, even were the search 
carried to a successful conclusion. The antiquity of 
the view is clearly evident from even a cursory 
study of the history of mathematics; while the 
works of such writers as Euler, Newton and Rankine 
show plainly that, so far from an alternative view 
being sought, there was no thought of need for 
another view—so strong was the grip of mysticism 
upon scientific matters. 

Improvement is far more likely to be effected 
through patient and persevering endeavours to strip 
off the wrappings of mystery with which the simple 
truths of natural philosophy have been intentionally 
or unintentionally swathed. If the length of that 
line which is known as the sine of a given angle 
can be expressed, either accurately or approxi- 
mately, in terms of the length of the are which 
subtends that angle, it is quite certain that the 
argument through which the expression is deduced 
cannot contain any step or factor of a supernatural 
character, nor any process which has no physical 
counterpart within the comprehension of ordinary, 
normal human minds. Evasion of the difficulty by 
stating that complete tables are now available, 
and that therefore the argument need not be under- 
stood, does more harm than good ; for it keeps the 
engineer still shut out from comprehension of things 
which he is called upon to use daily, and for the 
reliability of which he is held personally responsible. 
Verification of the tables by drawing particular 
cases to a large scale and measuring with a micro- 
meter is useless, for it does not help towards that 
comprehension of the underlying realities which is 
vitally necessary for a proper use and control of the 
results. Testing the expression by inserting par- 
ticular values in the terms of a series is worse, for it 
reduces the engineer to a mere operator, while 
emphasising his ignorance of the realities. This 
is but one of the many things which have tantalised 
and troubled us all more or less ; and which we have 
had to swallow whole at last, still not understanding 
them, for the sake of passing examinations. 

Engineering deals always and solely with actual 
physical realities ; and the mathematics of engineer- 
ing must be taught and studied throughout in terms 
of physical reality if the school work is to form a 
suitable foundation upon which the real education of 
an engineer may be built. That this may be done 
without difficulty, and that better results are thus 
obtained with much saving of time, are, as has 
already been stated, facts admitting of ready 
demonstration. 


from contamination by practical use. Engineering 
is a game for sportsmen, and it must be played 
in a sportsmanlike spirit, with all the cards on the 
table. If some of the mummified remains fall to 
dust at the first breath of fresh air, so much the 
better ; we shall know that they had none of that 
strong vitality which is essential in everything 
truly applicable to engineering. And if some of 
the wrappings, on the outside of which are painted 
delineations of their alleged contents, prove on 
removal to contain either nothing at all or some- 
thing not in accordance with their advertisement, 
so much the better again; we shall know that 
precious time and energy need no longer be wasted 
in doing homage to the painted delineations. 

The whole attitude towards the matter has been 
wrong. The view has been persistently inwards ; 
whereas it should be consistently outwards. We 
have been making a few observations of fact, 
and bringing these with bated breath into the secret 
and mysterious chamber where the supernatural 
action of mathematics may refine them in a sort 
of witch’s cauldron, and provide us with a “ pure ” 
solution in the shape of a formula which we may 
not hope to realise in mere simple fact. What we 
have to do is to reverse this procedure—to throw 
open the secret and mysterious chamber, that all 
may see how truly simple and natural are those 
operations and processes which have been made to 
appear mysterious and supernatural; and then 
to take these things out with us into the open 
fields of engineering. In a word, we must now 
control them, instead of continuing their abject 
slaves. And the encouraging aspect of this adven- 
ture lies in the fact that each properly-directed 
experiment in it not only yields a result satis- 
factory beyond expectation in its own particular 
field, but also reveals clearly many other things 
which appeared vague and incomprehensible before. 

There is another matter in which engineering 
education to-day is wrong, both in the school work 
and in the individual self-education which follows 
it. The activities of the human mind may be 
classified under three broad headings: (1) imitative, 
(2) interpretative, and (3) originative. Such a 
classification is already recognised—tacitly, at 
least—bat the fatal error is made of attempting to 
apply the classification to individual minds instead 
of to the activities of each and every mind. In 
such imitative work as the manufacture of ordinary 
sewing needles there is wide scope for the exercise 
of both the originative and interpretative faculties. 
In the essentially interpretative work of the ordinary 
commercial drawing office and machine shop there 
is of necessity much that is almost purely imitative, 
while there is also need for originative ability without 
in any way encroaching upon the preserves of 
design. And in the originative work of design, 
administration and organisation there is inevitably 
a great deal that is imitative, and also very much 
that is truly interpretative. 

It would be difficult, if not impossible, to define 
precise boundaries between any two of these fields ; 
and it would appear ‘unlikely that any useful 
purpose would be served by such definition. All 
three should be cultivated and developed, with 
equal assiduity and care, in each and every mind— 
for all three are of equal importance—instead of 
endeavouring to produce here and there a few 
minds which shall give out original ideas constantly 
and exclusively; and a few others which shall do 
nothing but interpret the ideas originated by their 
superiors ; while the main bulk are left to wallow 
in mere imitation. The latter course has been 
followed for a long time, and is now obviously 
found wanting—a result which is not surprising, 
seeing that the method is altogether unnatural. 

It is, of course, true that the higher ranks of the 
profession are concerned with originative work 
to a greater extent than are the lower ranks; and 
that, consequently, personal progress in it must be 
upwards from work which is mainly imitative 
through that which is mainly interpretative. But 
no argument is needed to show that every individual 
member of it, as well as.the profession as a whole, 
would benefit enormously were the fact recognised 
and made clear to all that, throughout life, the three 
faculties are all of equal importance in each 1aind, 





Mathematics must be taken out of the sealed 
glass cases in which its mummified remains are kept 


and should be cultivated and developed with equal 


imitative character demands the exercise of the 
interpretative and originative faculties if it is to be 
really well done; and that it is impossible for a 
man to originate any truly good project unless his 
imitative and interpretative faculties be thoroughly 
keen and well developed. 

In conclusion, it is highly regrettable that no 
place is found in the ordinary curriculum of engineer- 
ing for the cultivation of that vital necessity for a 
really practical engineer—self-respect. The bluster 
and bounce with which the ill-trained so commonly 
seek to hide their ignorance is obviously unworthy 
of an engineer—and is almost invariably detestabie 
in his eyes. Students should be continually and 
effectively warned against this, and encouraged— 
with assistance of the most practical character— 
to acquire and prize that proper self-respect which 
can only be born of the certain and fully proven 
possession of complete command both of oneself 
and of the things dealt with. The average student 
would become a better engineer, and also a happier 
man, were he shown plainly that, while the due 
and proper performance of an allotted task is 
unquestionably a right object, there is also to be 
considered the effect of that action upon his own 
personality—that a good job well done has an 
influence upon his character, and brings with it a 
satisfaction, far beyond the mere recognition or 
remuneration accorded to it by others; while a 
job shuffled through in a half-hearted or slipshod 
manner will just as inevitably have its effect in the 
opposite direction. Moreover, these influences and 
effects are permanent. 








,RECOVERING FUEL FROM ASHES BY 
MAGNETIC SEPARATION. 

Tue presence of coke and unburnt coal in ashes often 
constitutes a considerable loss of fuel, and up to the 
present there has been no very effective method of 
recovering the combustible matter from the refuse. 
We are informed that Messrs. Fried Krupp, in Germany, 
have devised a magnetic separator for the purpose 
and that many of such machines are now in successful 
use. Practically all coals contain iron in the form of 
pyrites, which has no magnetic properties. The 
burning of the coal, however, converts the pyrites 
into oxides which are magnetic, and as the whole of 
the iron passes away with the slag the metal exists 
there in a very much more concentrated form than in 
the original coal. These facts are taken advantage of 
to effect the separation. The machine employed 
consists essentially of a magnetic drum over which 
the furnace refuse is passed. The drum rotates slowly 
about a horizontal axis, just as in the case of an 
ordinary magnetic separator. The ashes to be treated 
are delivered by a bucket elevator to a vibrating 
screen which separates them into various sizes. Each 
size is passed separately on to the circumference of 
the drum. The slags containing iron are held mag- 
netically to the surface for a portion of the revolution, 
and then drop off into small wagons or other receptacles 
as the current exciting the portion of the drum which 
held them, is automatically broken. The coal and coke 
which may be present do not adhere to the drum, but 
leave its surface directly after contact with it, and fall 
into their own receptacles. It is said that lumps of 
slag up to 3-in. mesh will adhere to the drum and thus 
be eliminated from the fuel. P=" 

The magnetic separators are built in sizes capable of 
dealing with quantities of ashes ranging from } ton to 
2 tons per hour. The fuel recovered by these machines 
can either be burnt under boilers by means of forced 
draught or it can be briquetted, both methods being 
in use. We are informed that about 90 magnetic ash 
separators are now in use in Europe and elsewhere, and 
that 50 more are on order. Among the users may be 
mentioned the Hungarian State Railways, who treat 
locomotive ashes by the method described. The 
agent for Messrs. Krupp in this country is Mr. W. 
Stamm, 63, Queen Victoria-street, London, E.C. 4. 








Danish DreseL Enotnres.—According to _ recent 
statistics, there were, on May 1, 1922, altogether 133 
Diesel-engined vessels of over 2,000 tons. Of these, 78, 
aggregating about 500,000 tons, were equipped with 
Diesel engines of the Burmeister and Wain system. 





CuINESE AERIAL SERVICE.—Resumption of the Peking- 
Tsinan Aerial Service inaugurated in May, 1921, and 
suspended shortly afterwards, is again under considera- 
tion, says the Chinese Government Bureau of Economic 
Information. Orders issued by the President have been 
received by the Aeronautical Department and the 
Ministries of War and Finance to devise means to resume 
the service. The authorities of the Department have 
made an estimate of 350,000 dols. or thereabout as the 





‘care—that work which is apparently of the most 


necessary expenses for resumption of the air line. 
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SINcE the armistice the Cunard Steamship Company, 
Limited, have carried out an ambitious programme of 
building, despite the adverse effects of the troublesome 
conditions due to labour and other causes in the world 
of shipbuilding, and have received from the builders 
and put into commission no less than eight first-class 
liners. The company are to be congratulated on this 
notable achievement. Much of the successful issue of 
this enterprise is, of course, due to the officials of the 
line, and to a considerable extent to the enthusiastic 
endeavours of Mr. L. Peskett, the naval architect to 
the company. 

The Samaria, which we illustrate on this and the oppo- 
site pages, on page 16 and on Plates I, IT and III, is one 
of these eight vessels, and was constructed by Messrs. 
Cammell Laird & Co., Limited, of Birkenhead, and has 
the distinction of being the largest ship ever built on 
the Mersey. She is a sister of the Scythia, built by 
Messrs. Vickers, Limited, and of the Laconia, con- 
structed by Messrs. Swan, Hunter & Wigham Richard- 
son, Limited. These vessels, with the others, are all 
now engaged in the transatlantic services of the 
Cunard Company. 

The main dimensions and other particulars of the 
Samaria are given in the following table :— 


ft. in. 
Length, overall San 623 9 
Length between pe rpendiculars ste 600 0 
Breadth, moulded ... 73 6 
Depth, moulded to sheiter deck . 45 0 
Gross tonnage 20,000 
Displacement on 30 ft. + draught 27,000 tons. 
Speed at sea ... 16 knots. 


The vessel was built to special survey to the highest | 
class of Lloyd’s Register, and to the requirements of | 


the British Board of Trade and the regulations for 
passenger steamers of the United States of America, 
and her watertight subdivision and other safety 
equipment comply with the conditions laid down by 
the International Convention on Safety of Life at Sea. | 

The Samaria is propelled by steam turbines through | 
double-reduction gearing, which will be described in a | 
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later issue. A shaft horse-power of 12,500 is divided 
between the two propeller shafts for normal full power, 
but an overload capacity up to 13,500 h.p. is available 
whenever necessary. 

The general appearance of the vessel is well shown 
by Fig. 1, above, while a view of the deck, looking 
forward, is given in Fig 2, on the opposite page, and 
illustrations of the passenger accommodation are 
provided in Figs. 3 to 6, on Plate I, Figs. 17 to 20 on 
Plate III, and Figs. 21 to 24 on page 16. Plate IT 
shows longitudinal and cross-sections and plans of the 
various decks in Figs. 7 to 16. 

The Samaria has eight decks, four of which run 
from stem to stern. The passenger accommodation 
extends over seven of these decks, and forms a modern 
and luxurious hotel. In decoration and furnishing the 
Samaria is a criterion of the high standard, in elegance, 
luxury and comfort, which has been attained in the 
boats on the transatlantic service. The illustrations 
on Plate I and on page 8, showing some of the first-class 
public rooms, special suites and cabins, bear out this 
contention, while those of the second-class, given on 
Plate III, show a distinctive note of comfort, which is 
characteristic of what is found only in the best types of 
| ocean liners of to-day. There is provision for 2,181 
| passengers, of whom 323 are first-class, 436 second-class 
| and 1,422 third-class. 
| The first-class public rooms are all very spacious and 
| lofty, and are directly approached from the central 

| hall. The lounge (Fig. 3, Plate I) is oval in shape, and 
| has four alcoves, and is provided with a central dome of 
white glass in the roof; all the ornamentation is 

carried out in stucco, and is of the E Impire style. A 
marble mantelpiece over a tiled fireplace has a picture 
belonging to the period, the latter part of the eighteenth 
century, surmounting it. The decoration of this 
| lounge provides a most effective colour scheme in black, 

grey and gold, in contrast with the antique mahogany 
| furniture. Coverings of Chinese style, and harmonising 
curtains, complete the rich ensemble. 

The main feature of the drawing- and writing-rooms, 





which are combined, is a central elliptical dome in the | 








roof, having a fan-shaped painted panel on two sides. 
The scheme of decoration is that of the eighteenth 
century, and is carried out with white walls and ceiling, 
Adam furniture in antique mahogany, and coverings 
in purple and yellow. Damask curtains and a rich 
purple carpet complete the scheme. 

The first-class dining saloon (Fig. 5, Plate I) watt 
the full width of the ship on deck E (Fig. 14, Plate IT), 
and has a length of 64 ft. There is a musicians’ gallery, 
a large central pierced dome, and a most attractive 
scheme of lighting, the dome partially concealing the 
brilliant electric globes, whose light penetrates through 
the piercings. An oval buffet in the centre and small 
sideboards in various parts of the saloon are useful in 
maintaining prompt service to the diners, who are 
accommodated at tables for two, four, or six. 

The smoking-room (Fig. 6, Plate I) is panelled in 
antique oak, and furnished in plain Chippendale, with 
large settees and easy chairs covered in Chinese tapestry, 
after the style of the early eighteenth century needle- 
work. 

There are two private suites on deck B (Fig. 11, 
Plate If), each consisting of vestibule, sitting-room, 
bedroom, and bathroom. The decoration is in the 
Louis XVI style. Green and gold provide the colour 
scheme of the sitting-rooms (Fig. 21, page 8), which are 
fitted with a vert d’Estours marble mantelpiece, sur- 
mounted by Lancret pictures of Spring and Summer. 
An Ormolu firegrate is a feature in each of these rooms, 
which are lighted with four large windows, and fur- 
nished with settees, chairs and side tables. French 
grey and white are used in the treatment of the bed- 
rooms (Fig. 22, page 16), which are arranged to provide 
the maximum amount of convenience and wardrobe 
accommodation. It is possible to cut off these special 
suites entirely from the general accommodation, if 
desired at any time, when access would be obtained by 
private vestibules. A number of en suite staterooms, 
with bathrooms, are provided, and are attractively 
decorated in dado panelling, with chintz and silk 
curtains and coverings. 

The second-class dining saloon (Fig. 18, Plate III, 
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Fig. 2. View From AFTER DECK LOOKING FoRWARD. 


has small tables for four or six persons, and smali 
service tables instead of the usual sideboards. Mahog- 
any furniture and moquette-covered chairs and settees, 
with a carpet to match the upholstery, are used in the 
lounge (Fig. 18, Plate ITI). Oak panelling is fitted in 
the smoking-room (Fig. 19, Plate III), and the furniture 
is of the same wood; the upholstery is of moquette, 
while the floor is covered with Jaspe rublino tiles of 
octagonal pattern. The verandah café for the use of 
second-class passengers overlooks the stern of the 
vessel, and thus has an uninterrupted view aft and, 
at the same time, a sheltered view. 

A distinct advance in third-class accommodation in 
the Atlantic service is to be noted in the Samaria. 
There are two large dining saloons, a public room and 
smoking room, and ample open and covered promenade 
space. The sleeping accommodation consists of two- 
and four-berth rooms, separated by spacious alleyways. 
All these rooms are commodious, well lighted and well 
ventilated. 

The crew have comfortable quarters, on decks D, 
E and F (see Figs. 13, 14 and 15, on Plate II), with 
up-to-date galvanised berths, separate messrooms for 
the various sections, electric light, and Thermotank 
ventilation, fitted in accordance with all the require- 
ments of the British Board of Trade, and the U.S.A. 
authorities. . 

Four hospitals are provided, two for ordinary cases, 
and two for infectious diseases, as well as a dispensary 
and an operating room. 

The kitchen arrangements are of the most modern 
description, and every mechanical and electrical device 
to reduce labour has been installed. Potato-peeling 
machinery, apparatus for mincing and slicing, and 
steam ovens form part of the equipment. The bakery 
is fitted with the latest dough-mixing machines, and 
with water-tube ovens. Meals can be served with 
despatch and efficiency through the use of the fitments 





in the many pantries and service rooms. These devices 
include hot presses, coffee-making apparatus, electric 
toasters, and dish-washing machines. 

All passenger accommodation above the bulkhead 
deck is divided up into sections by fire-proof partitions, 
which are provided with hinged doors made of 
mahogany which has been rendered fireproof. 

There are two steel pole masts, which carry eight 
three-ton tubular steel derricks, and six derrick posts, 
with three-ton steel derricks working on them. Over 
the hatches cargo spans are arranged, which are pro- 
vided with four gin blocks each. Welin’s quadrant 
davits are used to lower the lifeboats, which provide 
accommodation for everyone aboard, and are con- 
structed to the latest Board of Trade requirements. 
The deck machinery, such as the capstan, windlass and 
the winches for warping, cargo and the boats, and the 
steering gear, are of the electric-hydraulic type. A 
telemotor gear, actuated from the -navigating bridge, 
is used to operate the steering gear, but there is also 
an alternative control by mechanical means from 
the after-deck bridge, In addition to the standard 
magnetic compasses, a Sperry gyro compass outfit is 
provided, consisting of a master instrument below 
deck, which controls three compasses on the bridge. A 
complete and powerful Marconi wireless installation 
assures the possibility of communication with the shore 
stations in her vicinity, and with vessels on the high 
seas. 

The arrangements designed to extinguish fire in the 
hold and between decks comprise the steam piping 
requisite to meet the requirements of the Board of Trade, 
but, in addition, means are provided for the injection 
of carbon-dioxide gas into these compartments, and 
also to the boiler room through the same pipe system. 
Carbon-dioxide possesses valuable properties compared 
with steam or water in coping with a fire, natably in its 
great power of permeating the whole of the contents of 
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a cargo hold or a bunker, and in being entirely non- 
injurious to any kind of cargo. The carbon-dioxide 
plant installed is of the “‘ Gronwald”’ type, and was 
supplied by the New British Ship-fire Protection 
Company, of Cardiff. It consists of cylinders contain- 
ing the gas, and steam chambers in which the gas is 
expanded before it is passed into the steam pipes of 
the compartment. Each whole unit is portable, and 
can be carried to the place where it is required. 

The permanent fire-extinguishing pipes are brought 
to deck plates at six stations in the working passage on 
the deck D. The carbon-dioxide plant is connected, 
when required, through a valve to the pipe supplying 
steam to the Thermotanks of the ship’s heating systems 
to obtain its steam supply. After all the hatches and 
other openings to the space where a fire may be located 
are closed, connection is made to the deck plate by 
means of metallic hosepipes, and the carbon-dioxide 
is injected into the compartment. The flow of the gas 
is entirely due to its own pressure. The hold can soon 
be filled with carbon-dioxide, and the fire extinguished ; 
the presence of the gas ensures not only that there will 
be no further outbreak, but that the goods will cool 
down. 


(To be continued.) 





NOTES ON NEW BOOKS. 
- A BOOK on materials for boiler construction, which 
is at the same time a dissertation for obtaining the 
degree of Dr. Ing. from a technical high school, is 
probably a novelty. The scientific treatment, which 
we may expect from a dissertation, offers a certain 
guarantee that commercial interests will not obtrude 
themselves. There is, indeed, in Dr. Ing. Kurt Meer- 
bach’s ‘* Werkstoffe fiir den Dampfkesselbau ’? (Berlin : 
Julius Springer; price 6s. 3d.) nothing to remind the 
reader of the iron works with which the author is con- 
nected, excepting the statement in the preface that the 
volume (of 198 pages, octavo) is based upon the ex- 
perience which he has gained as director of the rolling 
mills of the Rothe Erde works, near Aachen, and 
references to special researches conducted in the 
works. The three sections of the volume deal with the 
casting and rolling of the ingots, the making of the 
boiler, and the mechanical, thermal and chemical 
conditions to which the boiler will be exposed. The 
author’s object is to instruct boiler makers and engineers 
on the properties and suitable treatment of the material 
and products—all in plain language; mathematical 
formule are more scarce than references and illustra- 
tions. The photographic reproductions are excellent, 
thanks largely to the good paper. We notice, for 
instance, photographs of the distribution—surprisingly 
uniform—of cementite in a block which, owing to 
some mishap, had to be kept in the furnace for three 
days and which finally rolled down to very .good 
plating. Noteworthy also are the illustrations of 
blow holes and slag enclosures, and, further, the curves 
and figures illustrating experiments by Dr. Meerbach 
and Kuster on the temperature distribution in ingots 
when cooling in moulds of various sections, rectangular, 
with sides of different lengths, or elliptic. When the 
mould was purposely cooled on one of the small surfaces 
or exposed to the wind, the temperature curves were 
altered, and the zones of segregations were shifted 
towards the warmer side. One-sided cooling, especially 
of several moulds arranged in a row, should be avoided. 





The application of grinding operations in industry 
has become so extensive and varied that there is 
scarcely any manufactured article of commerce which 
does not receive some form of treatment with abrasives 
during its production. In the engineering industries 
the extension of grinding during recent years has been 
on a gigantic scale. Quite apart from the production 
of articles true to size within minute limits, there is a 
large field for those operations in which rougher work 
formerly done in shaping, slotting and planing, and 
other cutting types of machines may be accomplished 
with economy. With the changed outlook in engineering 
and other industries the demand for all types of abrasive 
products increased enormously. <A knowledge of the 
materials used in the manufacture of grinding wheels, 
stones, blocks, papers, cloths and polishes, and the 
treatments they undergo in the process of production is 
necessary to every man who has to decide what shall be 
used in any particular work. Mr. Alfred B. Searle 
has written a primer on this subject under the title 
“The Manufacture and Uses of Abrasive Material,” 
which has been included in Sir Isaac Pitman and Sons’ 
well-known technical series, and is sold at 2s, 6d. net. 
To those who have not acquired specialised experience 
in the process of grinding there is presented in this 
small book a large amount of information, which will 
prove of great value when they are confronted with 
grinding problems. The various materials employed 
have strongly differing characteristics, and these are 
discussed as well as suitable speeds and the class of 
work for which each is suited. The erection and actual 
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operation of the machines and wheels is the subject of a 
chapter in which the mounting, the truing and dressing 
of grinding wheels and the avoidance of poor cutting, 
glazing and burning are discussed in such a way as to 
provide the essential information in a single chapter. 
This little book will be much appreciated by those who 
desire general information and conclusions on the 
various phases of this most important industrial process. 





The determination of the amount of water, passing 
down a river or conduit, is still a matter of difficulty. 
Measurement of the total bulk being generally out of 
the question, we have usually to content ourselves with 
determining the rate of flow at certain points or through 
certain limited cross-sections, and we do this by means 
of various instruments, most of which are little more 
than modern modifications of ancient or old devices. 
Cabeo’s vertical floating rod goes back to 1600 and the 
Pitot tube to 1730. Since the flow is not uniform, 
particularly in technical apparatus where cross-sections 
and current directions are apt to vary, back pressures 
are set up, and determinations have to be made at 
several points to arrive at a fair average value. 
The new grid current-meter (Messgitter) of Oskar 
Poebing, chief of the Hydraulic Institute of Miinchen, 
is one of the instruments which aims at giving a con- 
tinuous record of the average rate of flow. The grid 
consists of 30 woodén rods or laths, 1,340 mm. by 
48 mm. by 14 mm., so mounted in a framing that the 
whole grid rests vertically on two knife edges, being 
balanced by weights. The water current tends to deflect 
the grid, which is pulled back into its normal position 
by means of springs, and the force on these springs 
is recorded on a rotating drum. There are various 
damping devices. The construction of the grid, its 
calibration and its performance under various con- 
ditions, together with a critical historical review of 
water-current meters, are explained by Poebing in 
an octavo volume of 55 pages, under the title ‘‘ Bestim- 
mung  strimend. Fliissigkeitsmeng im offenen 
Gerinne’’ (Determination of Streaming Fluids in Open 
Conduits. Berlin: Julius Springer ; price 2s.) Poebing 
finds that his grid meter will, in spite of turbulence, 
give records reliable within 2-5 per cent. for average 
rates of flow of about 300 litres (66 gallons) per second. 
The instrument causes only a very slight loss of head 
and is hence recommended particularly for low-pressure 
hydraulic plants. The meter was tested, however, 
under widely-varied conditions of head and back 
pressure, for rates of flow up to 1,500 litres per second, 
and also with special regard to the pulsation theory of 
water flow of the late Professor Camerer, formerly 
director of the Miinchen Hydraulic Institute, which just 
before the war was being equipped on what was an 
unusually complete scale. 








The shortcomings of many books are found at a time 
when the possessor is seeking for definite and usable 
information on some point in a hurry. How often is it 
the case that the matter available proves inadequate ? 
General statements of principles may be dealt with 
quite fully, but the application to actual conditions 
is rarely treated in anything like the way the reader 
hopes for. It is for this reason that such a work as 
that of Eugéne Marec on “La Force électrique dans 
Vindustrie,”’ published by Gauthier-Villars et Cie, of 
Paris, at a price of 55 francs, must be welcomed. 
There are few works in which lucidity of treatment and 
emphasis of the important characteristics of electrical 
machines and their applications are combined with such 
effect. Unlike what is found in many books on this sub- 
ject, guidance is here provided in the actual installation 
of the plant and in the general organisation of a scheme 
for the electrical equipment of a works. The infor- 
mation necessary for the selection of a suitable system 
for any given conditions of running, from the stand- 
points of adequately meeting all the power require- 
ments and of ensuring low maintenance and power 
charges, is quite unusually full. There is a discussion 
of the comparative economy of taking public supplies or 
installing a complete generating plant. Much informa- 
tion is given on sub-stations and their equipment. The 
transmission of electricity by cables, underground and 
overhead, its control at transforming or distributing 
points, and at places of application, the starting and 
speed regulation of the various types of electric motors 
and the use of special windir gs and electrical or mechani- 
cal devices to meet the requirements of particular contro] 
problems are all dealt with in this eminently practical, 
well written and illustrated book. 





Parts of the story of the construction of submarines 
by the Germania Werft, as told by Dr. Ing. H. Techel 
in his monograph on the “ Bau von Unterseebooten auf 
der Germaniawerft’’ has already appeared in the 
columns of the Zeitschrift des Vereines Deutscher 
Ingenieure in various articles spread over the years 
1919 and 1920. - As now supplemented the monograph 
forms @ small quarto volume of 100 illustrated 
by 380 text figures, diagrams and plates. (Berlin: 
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Julius Springer; price for England, 5s.) On the 
suggestion mainly of. one of the’ Krupp. engineers, 
Herr d’Equevilley, the Germania “Werft took up the 
construction of submarines in 1902, very soon after the 
shipbuilding yards had been acquired by the firm of 
Friedrich Krupp, of Essen. The first experimental 
submarine, the Forelle, was a 16-ton boat, to be carried 
if need should arise, by warships; the need does not 
appear to have arisen. By 1903 the first U-boats 
passed their trials by the German Navy, and by the 
end of the war the yards had completed 101. U-boats, 
totalling 76,500 tons in displacement and 159,000 h.p. ; 
35 more boats aggregating 52,000 tons and 124,300 h.p. 
were awaiting completion, and the yards had also built 
altogether 25 boats for the Danubius Company and for 
the Bremen Vulkan, Only a few of these U-boats did 
actual offensive service in the war; but the numbers 
comprise the Deutschland and Bremen (which dis- 
appeared on her first trip), each of 1,685 tons, and 
5 boats of over 2,000 tons, the maximum displacement 
being 2,600 tons. The U cruisers are included in this 
list. A few boats were built to foreign orders. Almost 
all the boats were driven by Diesel engines, made by the 
Germania Werft and the firms of Kérting and 
the Maschinenfabrik Augsburg-Niirnberg. Dr. Techel 
describes the construction of the boats, their engines, 
manceuvring devices, batteries, gyrocompasses, peri- 
scopes, arrangements for submarine signalling and 
tadio-telegraphy, armament, and provisions for the 
accommodation of the crew and their safety. Some 
details are omitted, but the matter is instructive. The 
volume is not a popular book on submarines in any 
sense. 





The engineer, no matter to which of the many types 
he belongs, is greatly indebted to the metallurgist 
for the production of changes in the stress-resisting 
properties of materials by heat treatment and the 
introduction of small proportions of various substances. 
When new conditions of use and new applications of 
common materials are necessary the excessive wear, or 
structural weakness of the metal for the conditions is 
early apparent, and the metallurgist is looked to for 
information as to available substances which are suit- 
able for the work or the production of an alloy which 
will stand up to the conditions. At some stage in the 
development of almost every metal article a problem 
of this kind has been found and in many cases solutions 
have already been effected. Molybdenum is one of the 
metals which have proved of service in the production 
of special steels for many p of engineers. The 
function of molybdenum in the complex alloy steels 
is to prevent segregation and crystallisation of the 
constituents and thus promote uniformity of texture. 
This metal is of great importance in the production of 
steels for motor car construction, linings of big guns, 
rifle-barrels, armour-plate, armour-piercing projectiles 
and in many other ways. The importance of supply 
of this metal is obvious, and the Imperial Institute 
asked Dr. R. H. Rastall to prepare a monograph on 
the subject with the title “Molybdenum Ores,’’ which 
is published by Messrs. John Murray at 5s. net. In 
this work the author deals with the occurrence, 
character and uses of the metal and the sources of 
supply of the ores both within and outside the British 
Empire. Statistics of yields from the ores and the 
amounts mined, as far as these are available, are 
given, as well as a very complete bibliography of the 
subject. 





When Dr. Wilhelm Hort brought out the first edition 
of his work on vibrations in 1910, there was, apart 
from Rayleigh’s theory of vibrations, probably no 
book dealing with the whole domain of the technically 
important phenomena of vibrations, mechanical and 
electrical, in a general way. Since then, lectures on 
the general theory of vibrations have been provided 
for in several quarters, and what was before a special 
treatise has, in the second edition, become a text book. 
The Technische Schwingungslehre of Dr. Ing. W. 
Hort, chief engineer to the turbine works of the 
Allgemeine Elektrizitét Gevellschaft and lecturer 
at the Berlin Technical High School, now forms an 
octavo volume of 828 pages, illustrated by 423 test 
figures. (Berlin: Julius Springer; price 24s.) Though 
the book is much enlarged and largely re-written, 
Dr. Hort adheres to his original plan not to start 
with a general theory, but rather to give definite 
technical examples from the beginning, and to show 
how the problems can be reduced to linear dif- 
erential equations. Thus Chapter I deals with the 
simple undamped oscillations of the pendulum, the 
magnetometer and galvanometer; Chapter II intro- 
duces damping ; Chapter III discusses forced vibrations ; 
and Chapter IV passes to instruments for recording vibra- 
tions, indicators, seismographs, oscillographs, vibration 
galvanometers, kinematograph, &c. It would have been 
better to have begun with Chapter V, on mechanics. 
Oscillations with one and several degrees of freedom, 








oscillations of elastic solids, of liquids and gases, gyros- 


copes, coupled vibrations, electromagnetic vibrations 
in conductors and in space, &c., form separate divisions. 
Each of these divisions stands, more or less, by itself, 
and one might feel disappointed by matters apparently 
omitted, if the good index did not facilitate looking up 
cognate information. Much detail had, of course, to be 
excluded. Almost all the references are given at the 
end of the text, grouped to correspond with the 
chapters. They are ample, as a book of so vast a 
scope requires, but in a good many cases prominent 
names should have been given in the text, and not 
only in the literature references, in which not all the 
names are entered. 





INDUSTRIAL NOTES. 

THE attention of the Preston Chamber of Commerce 
has been drawn to the large amount of trading which is 
said to be done in confectionery, tobacco, cigarettes 
and other goods, in mills and workshops by employees 
among their fellow workers. Such trading is detri- 
mental to legitimate traders on account of the heavy 
expenses they incur in the way of rents, rates and 
taxes, and overhead charges. It is also alleged that in 
some cases this promiscuous form of trading is carried 
on during working hours. The question is one of 
some complexity. The Chamber has no title to restrict 
individual enterprise. What the Chamber does 
suggest is that employees should “play the game ”’ 
and not utilise the time during which they are supposed 
to be working, and for which they are receiving pay- 
ment, in the direction indicated. Otherwise, employers 
may consider it necessary to do what has, in fact, been 
done already in certain districts, namely, to post up 
notices to the effect that employees found making 
sales on the premises will be liable to summary 
dismissal. 





The fortieth annual report, for 1922, recently issued 
by the Liberty and Property Defence League, contains 
a large number of facts which might very well be 
widely published. It recalls, for example, the state- 
ment made by Mr. Asquith to the effect that the 
“* Labour ”’ policy “‘ amounts to nothing more than a 
tremendous number of resounding phrases and an 
enormous array of revolutionary expedients.’’ The 
report, further, advocates a really national propaganda 
having for its sole object the instruction of people in 
economic truth ; this, it adds, is the great need of the 
times. Those who hold fast to the principles of in- 
dividual freedom, private property, and personal 
initiative have, so far, allowed the enemies of their 
social and political faith to wage war upon civilisation 
without any organised attempt at resistance worthy the 
name. Although, for the moment, the danger is not 
immediate, there can be no manner of doubt, according 
to the Council of the League, that unless a1 effort 
commensurate with the magnitude of the menace oi 
Socialism is made, the struggle to defeat revolution 
later on may prove itself too formidable. Preparation 
for the conflict that must come should, it is urged, 
be made now, and a systematic and persistent propa- 
gation of economic truth on a scale that the circum- 
stances so insistently demand, is to be undertaken 
by the League in the homes of the people who are 
being continually preached to by the opposite party. 





The European manager of The Iron Trade Review, 
Cleveland, Ohio, has recently returned from Germany, 
where he interviewed leaders in the iron and steel 
industry. This personal investigation, says the 
American journal, indicates that reports of Germany’s 
impending collapse are grossly exaggerated. Whilst the 
financial situation in Germany is very serious, economic 
conditions reveal some favourable factors along with 
the unfavourable, tending towards the conclusion that 
Germany can work out her own salvation. Iron and 
steel production in Germany is slowly improving and 
plants are busy with orders booked three or four months 
ahead. There is no unemployment at iron and steel 
plants, the situation everywhere being much improved. 
The railways are in better physical shape than at any 
time since the end of the war. 





Mr. S. W. B. McGregor, H.M. Senior Trade Com- 
missioner for Australia, calls special attention to the 
Australian market, and adds that the United King- 
dom’s present share in that market will not be retained 
without severe competition from the United States 
and possibly other countries. The Queensland loans 
recently raised in New York and now standing at a 
considerable premium, together with offers made by 
United States financiers of loans to the other States, 
are an indication of what may be expected, apart 
from competition in prices of goods and sales organisa- 
tion. In textiles the position of the United Kingdom 
is supreme; the weakness of her position is particu- 
larly in machinery, engineering and the allied trades. 
In these, the United Kingdom has to face competition 
from local manufacturers as well as very severe com- 





petition from the United States, and possibly German 
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competition will be felt in the near future. The best pro- 
ducts, the best sales methods, the best type of repre- 
sentatives are not too good for the existing valuable 
Australian market with its vast future possibilities. 





A manifesto has recently been issued by the Trades 
Union Congress General Council. Among other 
things, it says that owing to chronic unemployment 
the wage bill of the country has been reduced by 
13,000,000/. per week, or 676,000,000/. per year. 
‘*This enormous reduction in the purchasing power 
of the worker has, in its turn,’’ the statement adds, 
‘* diminished the demand for labour.” The manifesto 
further states that “‘ the development of international 
trade has been retarded by our Government’s con- 
tinued adherence to a foreign policy which prevents 
the reopening of our international trading relations.’ 
Further, the employers are accused of reducing wages ; 
as regards fundamentals this statement is untrue, 
since it is really the consumer who reduces wages, 
by refusing to purchase a product which he finds too 
expensive. The fact that we live largely on imports 
is always ignored. A farmer, in South America for 
instance, will not give more meat or corn in exchange 
for our manufactured products than he did formerly ; 
if our price for these latter is too high he wi!l not make 
the exchange and there is no trade. The saddling of 
Government with the responsibility is simply futile. 
Taken as a whole the manifesto adds to the “ tre- 
mendous number of resounding phrases’ mentioned 
in the foregoing. 





As we stated in a former issue, the Welsh ports are 
congested, since the loading of coal-carrying ships 
cannot proceed with sufficient rapidity. A meeting 
of representatives of shipowners and trimmers was held 
at Cardiff at the end of last week, and although this is 
a matter of great urgency which affects the whole 
trade of the country, no decision was arrived at. It was 
simply stated at the close that early in the present 
month a conference would be held ‘of the various 
interests concerned to consider the question of the 
introduction of a third shift at the docks.” 


We are informed that the Ebbw Vale works’ dispute, 
which had lasted many weeks and had led to the closing 
down of the whole plant, has now been finally settled, 
a new agreement, based on a price list made by award of 
the arbitrator, Dr. Galloway, having been entered into 
by the Ebbw Vale Company and their men. The com- 
pany are making every effort to start the plant afresh 
at an early date. 


TRAFFORD PARK. 

THE story of the successful development of the 
estate of the de Trafford family into a great industrial 
district is well told in a book issued by the Trafford 
Park Estates, Limited, entitled ‘‘ Britain’s Workshop 
and Storehouse.”” The potentialities of a large tract 
of land beside the Manchester Ship Canal were early 
seen by men of progressive outlook in that city, and the 
demand they made for sites in positions suitable to 
obtain the expeditious and cheap transport afforded 
was met by the purchase and laying out of Trafford 
Park. Much of the success achieved must be credited 
to Marshall Stevens, the chairman of the company. 
Transport facilities, warehousing and cold storage 
accommodation were soon provided and the number of 
works continuously increased until two-thirds of the 
available 2 square miles is occupied. The cutting of 
charges in the handling of goods and their transport 
to the place of use is of great importance, and this 
book, which is well illustrated with maps and photo- 
graphs, gives information regarding the facilities 
provided at Trafford Park, which account for the 
popularity it enjoys as an industrial district, with 
manufacturers. 








Exgcrrica, SHot-Firinc.—Wherever it is feasible 
to adopt electrical shot-firing for either mining or quarry 
work, this should be done as a safety measure, states 
L. C. Isley, electrical engineer, of the United States 
Bureau of Mines. Electrical shot-firing, when properly 
carried out, eliminates some of the inherent dangers 
of fuse and squib firing. Several States have already, 
by regulation or enactment, covered the question of 
electrical shot-firing, and the Federal Operating Regula- 
tions, under the Land Leasing Act, make provision for 
firing from the surface. 





_  Norrianp.”-—The General Export Association of 
Sweden has recently published an illustrated pamphlet 
in English dealing with Norrland, the land of forests. 
waterfalls and iron mountains, by Dr. Hans. W: son 
Ahlmann, reader in geography at the University of 
Upsala. Swedish Norrland is the district farthest north 
of any part of the world where industrial and economic life 
flourishes. It has an area of 100,850 sq. miles, with a 
population slightly over 1,000,000. It is rapidly becom- 
ing industria. » owing to water transport facilities 
from the forests to the coastal sawmills, and abundant 
water power for generating electricity. The pamphlet 
gives interesting data on forests, waterfalls seth iron-ore 


*THE CORRECT INTERPRETATION OF 
MICHELL THRUST BEARING EXPERI- 
MENTS.” 


To tHe Eprror or ENGINEERING. 
Smr,—The importance of employing dimensionally 
correct expressions in connection with problems relating 
to oil film lubrication occasionally escapes attention, and 
a typical example occurs in a recent article,* by Mr. 
H. T. Newbigin, describing the results of some tests 
carried out on a small experimental Michell thrust 
bearing. This form of bearing provides one of the few 
instances in practical lubrication problems where theory 
and practice agree within reasonable limits, and in the 
course of the article a comparison has been effected by 
means of the formula : 


R=0-0382 /X.U.P . (1) 


where P and R represent pressure and shear force, 
respectively, in pounds per square inch, U represents 
rubbing speed in feet per second, and A represents 
viscosity in C.G.S. units. 

This comparison, being quite satisfactory, has appar- 
ently been accepted without questioning the validity of 
the formula employed. It should be obvious, however, 
that since P and R represent forces per unit area instead 
of per unit run, the above expression is dimensionally 
incorrect, and is, in fact, only strictly applicable to 
experiments carried out with one particular size of block. 
That this size should wery nearly correspond with that 
actually employed in the experiments is a curious coin- 
cidence which affords some excuse for the empirical 
character of the formula being overlooked. 

The dimensional discrepancy is directly attributable 
to a misinterpretation of the mathematics in Michell’s 
investigation on this subject, equation (1) being directly 
devel from the following formule obtained by Michell 
for a square surface : 


on 214A. “oo 
-% =u=10-88¢ ete. 


where C represents the inclination of the surfaces and the 
other terms in C.G.S. units correspond with those given 
previously. When combining these formule to obtain 
equation (1) it should have been noticed that equation (2) 
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appears in a non-dimensional form. This is due to the 
fact that Michell for mathematical reasons made the 
length and breadth of the surfaces multiples of r and then 
treated this term as a purely numerical quantity. The 
missing length dimension is therefore included in the 
constant 0-0214, 

The dimensions of the square surface considered by 
Michell were 7 by 7, and equation (2) might equally well 
have been expressed in the numerically identical and 
perfectly dimensional form, 


C2 = all Ae B cdverat (4) 


the + term in the denominator here representing the 
length of the surface in the direction of motion. 

The corresponding formula for a square surface 
measuring L by L then becomes, 


Ot me OE ae 


and is the expression which should have been used for the 
derivation of equation (1). 

Michell pressure distribution diagrams have been 
reproduced in many articles dealing with this subject, 
and it might be noted that the alteration in size from 
1 to L, while not affecting the actual shape of the curves, 
automatically involves the multiplication of all pressures 


by the factor ©, 
TT 


To indicate that this transformation is perfectly 
logical it need only be mentioned that Osborne Reynolds$ 
and H. M. Martin|| have shown that the total load capable 
of being carried per unit of transverse length is given by 

W og deU a Je 


b C2 
where W is the total load, b the transverse length, andk a 
constant depending upon the geometrical shape of 
surface and the film thickness ratio at inlet and outlet. 
That is to say, provided the film thickness ratio and slope 


“Lubrication Tests.” H. T. 





* Michell Bearing 
Newbigin. Enarveerine, September 1, 1922. 

+ “ Lubrication of Plane Surfaces.” A. G. M. Michell. 
Zeitschrift fur Mathematik und Physik. 1905. re 

{ “Science and Art of Lubrication.” H. T. Newbigin. 
Liverpool Engineering Society, December, 1919. 

§‘‘ Theory of Lubrication.” Trans. Royal Society, 
1886. 

|| “‘ Theory of Michell Thrust Bearing,”” ENGINEERING, 





deposits in that part of Sweden. 


remain constant, all surfaces of similar shape will support 
equal loads per unit of transverse length. 

In the case of a square surface measuring L by L, 
W = P.L? and b = L, whence 


C8 sn WOR 82 9 oy 
P.L 

which is identical with (5), if the appropriate numerical 

value for the constant k is inserted. 

For the general case of a rectangular surface measur- 

ing L in the direction of motion and 6 transversely, 


W=P.L.6, and c? =k. -¥ as before. 


This alteration of dimensions can be shown to have no 
effect upon the coefficient of friction as given by equation 
(3), provided that the geometrical shape of the surface 
is unaltered. 

The correct form for rg we (1) is therefore obtained 
by eliminating the term C from equations (3) and (5). 
This gives 

R = 298 a/ 


X-U-F inc.as. units , (8) 


or 
hme 0-0374/ at in English units. (9) 


z.e., R and P in pounds per square inch, U in feet per 
second, L in inches and J in C.G.S. units. 

The blocks used in the experiments referred to pre- 
viously were shaped as shown in Fig. 1. The revolutions 
per minute being 1,400 and the rubbing speed 13-44 ft. 
per second, it appears that a mean radius of 1-10 in. 
must have been assumed. This makes L equal to 
1°15 in. 

Taking this value for L, revised values for the shear 
force have been calculated from (9), and are shown in 
the following table :— 








Si, le 3 R. Lb. per Sq. In. 

n 3! E : 

Salone Revised. 
Mea Pg a -Experi- x UP Original. 

; ; S ment. | 0°037 af: 5 F Wh imi 

8 é i [, 0°0382 VX.0.P 

187 |18-44| 0-260 | 0-90 0-88 0-85 

878 |13-44| 0-197 1-09 1-085 1-04 

560 |13-44, 0-170 1-136 1-235 1:19 

746 |13-44| 0-152 | 1-825 1+350 1-295 
1,000 13-44 0-180 1-515 1-440 1+315 





As will be evident by a revised and original 
figures the agreement between theory and experiment is 
actually improved. This is to some extent remarkable 
since the theoretical formula refers to a square surface 
while the actual surfaces omperinnneten upon were seg- 
mental. Disregarding this difference, however, it is clear 
that the very close agreement obtained in the first instance 


is due to the pure coincidence that a/ seal happens to be 


ractically identical with 0-0332. Had lerger surfaces 

m employed it appears probable that unsatisfactory 
agreement would have drawn attention to the fictitious 
character of the original formula used for comparison 


preesen, 
en using segmental blocks the value of the length L is 
obviously dependent upon the assumption of a mean 
radius, and it would appear preferable to eliminate this 
term altogether from equations (8) and (9). 

This can easily be done by putting L=r0, and 


u=2:7-*-N where L is the mean transverse length, 


12 x 60 
r the assumed mean radius in inches, @ the angle sub- 
tended in radians, and N the revelations per minute. 
The formula (9) then becomes, 


R = 0-00346 rida ea; 


which is still dimensionally exact, 

In conclusion it is only necessary to congratulate 
Mr. Newbigin on the close agreement between theory 
and practice in the very interesting experimental in- 
vestigation that he has carried out. 


Yours faithfully, 
R. 6. Boswat.. 
Manchester, December 16, 1922. 





“THE DETERMINATION OF THE CALORIFIC 
VALUE OF LIQUID FUELS.” . 
To tHe Eprror or ENGINEERING. 
Sim,—Owing to the holidays, I have only just seen the 
letter of Mr. Thomas in your issue of December 22, and 
hasten to acknowledge the information given therein. 
The petrol vaporiser was attributed to Professor Watson 
under the impression that the design was due to him 
while the determinations of calorific values given in the 
joint paper of Thomas and Watson were by Mr. Thomas. 
I regret that Mr. Thomas’ share of the work should have 


the | thus been unwittingly deprecated. 


Yours sincerely, 
Air Ministry Laboratory, 8.W. 7. H. Moss. 





THe Brrcumits Power Station at WALSALL: 
ErratumM.—With reference to our note on the above 
er station on page 769 of our issue of December 22 

ast we are asked to state that the quantity of water 
required to maintain the water level in the upper canal 
at the above station is 550,000 gallons per hour and not 
per day, and similarly the amount pumped may be raised 
if desired to 1,200, gallons per hour and not per day, 
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as printed. 
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THE PROPOSED MID-SCOTLAND SHIP 
CANAL. 


At many times and for many reasons the project 
of joining the east and west of Scotland by a canal 
of proportions suitable for the largest classes of vessels 
has engaged public attention and aroused a growing 
interest which later collapsed. Periods during which 
little was heard of the scheme followed, until enthusiasts 
revived the proposal with a view to providing a solution 
of some pressing problem of the day. 

There were thoughts of cutting through the country 
with a canal early in the seventeenth century, and 
Alexander Ross in his “‘ Notes on the Formation of the 
Caledonian Canal,’’ published in the Transactions of 
the Gaelic Society of Inverness (vol. xiii, 1886-7), 
refers to Coinneach Odhar forecasting that ‘‘ the time 
will come, and it is not far off, when full-rigged ships 
will be seen sailing eastward and westward by Muirtown 
and Tomnahurich.”’ 

The Caledonian Canal was constructed by Telford 
after many engineers, including James Watt, had 
investigated the problem. There were many difficulties 
to overcome in this enterprise, amongst which was the 
difference of level of Loch Eil and Loch Lochy, of some 
90 ft. This problem was disposed of by the building 
of the well-known flight of eight locks, named by 
Telford “‘ Neptune’s Staircase,’’ at Banavie. The cost 
of construction of the canal was much in excess of 
the amount at first thought to be necessary, but that 
was not surprising when the difficulties the engineer met 
with are contemplated, and when one considers that 
even many modern canals have not been free from 
similar difficulties in regard to exact or covering 
estimates. With the development of trade and the use 
of boats of great tonnage, the limited depth of the 
water in the cuttings through the Great Glen, only 
amounting to 17 ft., and thus 3 ft. less than was 
originally intended by Telford, gave it a continuously 
reducing commercial value. 

Another waterway, the Forth and Clyde Canal, was 
cut through what has become one of the greatest 
industrial districts of Scotland, but it also is only 
suitable for use by small craft. 

The present state of unemployment has led to a 
revival of the interest in the construction of a deep- 
water canal suitable for the navigation of large ocean 
going liners between the east and west of Scotland. 
The hope of those who are advocating the claims of 
this scheme is that, apart from all other considerations, 
work can be found immediately for many thousands 
of men. Even were all the problems involved in the 
proposals already solved, the route agreed upon, and the 
details worked out, some time must, of course, elapse 
before the requisite plant would be available for use 
by the men, but its construction would at a very early 
date provide employment for a limited number of 
those who are at present walking the streets. 

There are two distinct questions involved in the 
present suggestions. The first is the old one of the 
value of such an enterprise to the whole community, 
from the standpoints of commerce, and the national 
one of making a Navy, now of limited size, available 
for service in either the North Sea or the Atlantic 
Ocean in the shortest possible time. The second, 
that of providing employment at present, although it 
is entirely dependent on the decisions arrived at after 
the discussion on the first purpose, is considered to be 
the more important by the writers of letters to the 
daily press. Once it is demonstrated that such a 
venture is likely to prove an economic success, and 
after the value to the naval forces has been fully 
considered in order that the amount of any possible 
Government assistance may be gauged, and the route 
definitely decided upon, it will be time to consider 
the effect upon employment. At present, although 
various schemes and estimates have from time to 
time been put before the country, there is little hope of 
an immediate agreement on the question of route. 
The large business interests of Glasgow, the. preferable 
route for use by the Navy, the possibility of industrial 
developments in new districts, are all factors in this 
determination, and there is at present no hope of any 
single scheme being acceptable to all the parties 
concerned. 

It is advisable to cons der the broad question of the 
necessity for the canal first of al] before the effect on 
employment is to be looked at. Because Germany is 
developing her canal system and extending its sphere 
is surely not to be taken as evidence that a Mid-Scotland 
Canal is required. The proposal must be considered 
entirely on its merits, no matter what any other race 
or people may do in their own lands to meet the con- 
ditions prevailing there. The construction of the 
Manchester Ship Canal was a pure business transaction 
of providing a means of keeping down the heavy 
charges on cotton and other goods in their transport 
from the coast. With ships going right up to Man- 
chester, the reduction of charges for handling in 
transferring goods to railway wagons, and the savings 
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was sunk in the venture to obtain that saving. When 
the advantage was obtainable, Manchester profited by 
an enormous accession of works in the neighbourhood 
of the docks. It cannot be said that similar conditions 
hold in regard to the Mid-Scotland Canal proposition. 
The construction of such a channel would, however, 
provide a shorter route between the east and west 
coasts (see map, Fig. 1) and remove the necessity 
for the hazardous journey in the heavy seas off the 
north of Scotland, which have no equal off any of the 
other coasts of the British Isles. 

The estimate of the value of the total gain likely 
to be obtained is somewhat difficult, quite apart from 
the possible increase in the number of industrial works 
of all types which may spring up along the route. 





_ Uae. 5 F _ 


time and the problem is a different one, in that the 
depth must be at least twice that which he thought 
was all that was necessary. Land is costly in areas 
already developed and the Loch Lomond route offers a 
considerable advantage over the Direct Route in this 
respect. With such differences as are found in the 
views of the advocates of the Mid-Scotland Canal 
scheme there is, unfortunately, little or no hope of 
its being of any great service in reducing unemployment 
in the immediate future. 

Schemes for the deepening and improvement of the 
Caledonian Canal have been put forward at various 
times, but the consideration of its value as a possible 
rival of the other suggestions seems to receive very 








little consideration nowadays. 
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1136.8.) 
There are two main schemes whose relative merits have 
been discussed over and over again, that known as the 
Direct Route which would pass through the large 
industrial areas adjoining the present Forth and Clyde 
Canal and the other further north, making use of Loch 
Lomond as a part of the proposal. Each of these 
two suggestions, the routes of which are shown in 
Fig. 2, have devotees of a most whole-hearted character. 
The Direct Route would undoubtedly serve an area 
which is well provided with industrial works already, 
but would pass through some very congested districts. 
The other scheme is not so new a proposal as many of 
its advocates seem to think, for a similar suggestion 
involving the use of Loch Lomond, but in connection 
with a shallow canal, was examined by Smeaton, who 
decided in favour of the present Forth and Clyde 








of railway freights, was apparent to all, and the capital 


Canal route. Conditions have changed since Smeaton’s 


A complete investigation of the problem from all 
points of view might serve to show the relative merits 
of the alternative proposals, but an acceptable com- 
promise is difficult to obtain on the question of route. 





PERsONAL.—Mr. Reginald Wilson states that he has 
resigned his position as Director of Aircraft Supplies 
at the Air Ministry as from December 31, and proposes 
to continue his practice as a consulting engineer, and has 
taken offices at Central House, Kingsway.—Messrs. A. 
Ransome and Co., Limited, Newark-on-Trent, ask us 
to draw the attention of our readers to the fact that 
they have not discontinued making several types of 
wood-working machines, and that they are still building a 
full range of machines for all wood-working purposes. 
They us to mention this since they keep hearing 
from different sources that they are only now making 
the heavier sawmill machinery. 
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THE KEGRESSE-HINSTIN CARS FOR THE 
SAHARA EXPEDITION. 


Tue public is following closely the attempt being 
made to cross the Sahara desert from Touggourt, 
south-east of Algiers, to Timbuctoo on the River Niger. 
The Citroén motor cars used for this unique performance 
are of the Kegresse-Hinstin type, of which we gave an 
illustrated description in former issues (see ENGINEER- 
ING, vol. exi, page 234, and vol. cxiiiz page 707) when 
we pointed out their suitability for service on the snow 
and for hauling heavy train loads in works’ yards. 
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petrol and stores to the military station at Kidal and, 


if possible, were to proceed as far as the Well of Tin- 
Zaouaten, situated at the limit of the Saharian oases 
and at the limit of the Niger territories. A second 
series of supply cars, having Touggourt as their base, 
have provisioned the Ouargla, Inifel and In Salah 
stations with petrol. The expedition proper, which is to 
cross the desert from Touggourt to Timbuctoo, is carried 
in four cars which left the first of these places in 
December, avd at the time of writing had arrived 
safely in the vicinity of the Hoggar mountains. We 





illustrate one of these cars in Fig. 1. 
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the endless belt G. The pulley F is connected to the 
vehicle by the levers H also joined on the axle B. 
When the car runs over projections on the ground 
the pulley F rises, the endless belt and gear are in- 
clined to the rear and the small wheels continue to 
revolve easily. In order to ensure that the belt shall 
not come off, the pulleys A are twin-pulleys, a projection 
on the inside of the belt passing between the two. 
The twin-pulleys have a boss designed so that the 
halves can be brought closer together, in proportion 
to the resistance encountered in running, when the 
internal projection on the belt is firmly gripped at the 
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The‘further suitability of these cars for service on 
deep sand was ascertained by preliminary tests made 
in various sandy districts in France, notably in the 


region of Arcachon, south of Bordeaux. Following 
these, M. Citroén decided to send representative cars 
of this type to Algeria with a view to have them 
tested under actual conditions. The tests took place 
in the early months of 1922, when the cars travelled 
between different military posts and as far as In 
Salah, covering a total distance of about 20,000 km. 
(about 12,400 miles), on most difficult ground. These 
tests which were completed in March, 1922, took 
place in a season of very great heat and they led 
M. Citroén to take steps to attempt the journey 
through the desert, following the route marked on the 
map, Fig. 3. In order to ensure the necessary supplies, 
a first series of three cars was sent to Timbuctoo, via 
Dakar. From Timbuctoo, as a base, these cars carried 





In the first of our two articles above referred to, we 
gave a detailed description of the Kegresse driving 
mechanism on the occasion of the tests in snow on 
Mont Revard, in France, in February, 1921. We 
illustrate this in the view, Fig. 2. The gear takes the 
place of the driving wheels of an ordinary car. A 
pulley A is keyed at each end of the rear axle instead 
of the usual driving wheels, and the axle is not connected 
to the chassis by springs, as is usual in the ordinary 
type of car, but is allowed upward and downward 
play with reference to the chassis. The weight is 
carried on a special axle marked B in Fig. 2. Rocking 
levers C pivoted at their centre are provided at the 
ends of the axle B, the ends of the levers being con- 
nacted by the flange plates D ; the device further con- 
sists of the four intermediate pairs of wheels of small 
diameter E, over which the load is uniformly distri- 





buted. The pulley F acts as a support and guide for 


pulley rims. The tension of the belt can be regulated 
by a hand-crank. 

The chassis and motor are those of the well-known 
10-h.p. Citroén car. The electric starting device only 
has been done away with as being unnecessary in the 
particular circumstances. The tests made on the 
spot, in the commencement of 1922, showed that the 
sand had no effect whatever upon the motors ; analyses 
of the oil in the casings and a minute inspection of 
the motor component parts revealed no appreciable 
wear. Two of the supply cars sent to Timbuctoo and 
several of those which had their base at Touggourt are 
propelled by motors which had already run several 
thousand miles in the desert tests. No modifications 
have been made to the radiators and these are quite 
sufficient to cool the water notwithstanding the high 
temperatures encountered. The change-speed gear 
allows of six different speeds. 

The supply cars have a seat in front for the driver 
and guide; they carried on a platform at the back 
of the seat iron casks, each containing 200 litres (44 
gallons) of petrol. Two of these cars each carried 
two such casks, the two others having spare parts, food, 
ammunition, stores, &c. A car similar to that used for 
the expedition proper acted as escort to the supply 
cars, which started from the Touggourt base. The 
four cars carrying the expedition itself are all of the 
same build, having a seat in front arranged for three 
passengers. They each carry two petrol cases, 150 litres 
(33 gallons) in capacity each. On the cars is fitted an 
aluminium chest containing food, ammunition, tools, 
spare parts, drugs, &c. One of the cars is specially 
fitted for the taking of cinematograph views, Two 
water tanks containing 60 litres (13 gallons) are carried 
for use in the Tanesrouft, the region of thirst. Two 
of the four cars are fitted with a quick-firing gun. A 
tent is provided over each car body. M. Citroén and 
the other members forming the expedition are to be 
greatly congratulated for their enterprise. 

A railway track to connect the French possessions 
in West Africa with Algiers has been planned repeatedly 
for the last forty or fifty years, but the scheme had to 
be abandoned owing to the difficulties of various kinds 
in the way. The Kegresse-Hinstin cars would greatly 
facilitate the work if this were put in hand. In the 
interim, they will constitute a valuable means of 
communication between outlying stations in those 
districts which hitherto have been practically cut off 
from the outside world. 





CHANGE or TITLE oF THE CoNCRETE INSTITUTE.— 
Pursuant to an Order of Court made by Mr. Justice Eve 
on November 28, 1922, and confirmed by the Board of 
Trade, the title of The Concrete Institute has been 
altered to “The Institutien of Structural Engineers.” 
The address continues for the moment to be Denison 
House, Vauxhall Bridge-road, Westminster; but we 
learn that there is a prospect that in the near future the 
Institution will acquire premises of its own. 
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TWELVE YEARS’ OPERATION OF ELECTRIC 
TRACTION ON THE LONDON, BRIGHTON 
AND SOUTH COAST RAILWAY.* 

L?} By Henry Water Huntineyorp RicHarps. 


Rarip development of electric traction has been 
prevented by the European war, and, since its termina- 
tion, by various other factors. This period of com- 
parative inaction, however, has, perhaps, permitted 
experience in practical operation to be gained, sometimes 
with ly heavy traffic under conditions of 
reduced facilities. Further, the detailed investigation 
carried out by the Ministry of Transport resulted in the 
whole question being reviewed from the broadest stand- 
point by_all who are interested in electric traction. In 

case of the Brighton Railway the transport and 
consequent, financial benefits which would probably 
result from electric traction were fully realised nearly 
twenty years ago, Parliamentary powers for electrifica- 
tion being obtained in 1903; and since that date a 
scheme of electrification, intended to comprise finally 
both suburban and main line operation, has been carried 
out. Certain important sections of the suburban lines 
have now been operated electrically on the high-tension 
single-phase_system, at 6,700 volts, for about twelve 
years. 

Engineering maintenance work does not usually excite 
much interest on the part of those not immediately con- 
cerned, except perhaps when something goes wrong, 
but in the case of electric traction further developments 
depend very much on conclusions drawn from practical 
operating experience. The author puts forward the 
peepee | as main principles on which operation should 


1. Maximum reliability of equipment compatible with 
reasonable financial considerations. 

2. ent of renovation and general work so 
as to —_— undue fluctuation of costs. 

8. Continual effort to improve the life or working of the 
equipment. 

The following are submitted as measures calculated 
to assist in the application of these principles :— 

1. A group method of organisation for correctly 
allocating the costs of labour and material against the 
section concerned. 

2. A clear division of all work under the two main 
headings of ‘‘ Running-Maintenance”’ and ‘ Repairs.” 

3. srapoution of graphic records and statistics of all 
results of practical operation and their circulation among 
the staff concerned. 

The eee deals with the oj tion of electric traction 
on the — Railway on these lines. 

Rolling Stock—Electrical Equipment.—The efficiency of 
the current-collector gear is of fundamental importance, 
a difficult matter when the contact-wire varies in height 
pn 13 a in. to dhe = and has occasional steep 

ients. © origi ow-gear is running to-day, 
with only slight modifications, on ev motor pétors 
The operating springs are set to standard lengths at 
coach overhauls so as to maintain a pressure of 12 Ib. on 
the bow-strip at a trolley-wire height of 16 ft. 

As usual for motor-coach equipments, the control is of 
the multiple-unit type. There are three principal train 
circuits, namely, h-tension main circuit at 6,700 
volts, low-tension power circuit at 450 volts to 750 volts, 
and low-tension control circuit at 300 volts. It is found 
that a new motor-man can obtain a working knowledge 
of the control system in two to three weeks. The 
presence of the high-tension chamber in the guards’ 
compartment has caused no trouble. The motors in use 
to-day are of the Winter-Eichberg single-phase com- 
pensated repulsion type, designed about fifteen years 
ago. Most of the motor troubles have been due to 
weakness in the mechanical design, and improvements 
have resulted in train defects being reduced by about 
75 per cent, Split gears have been used hitherto with 
varying results, but gear wheel and pinion lives of 
250,000 miles have frequently been obtained. Solid 
gear wheels of present-day manufacture should enable 
lives = to, or perhaps exceeding, 500,000 miles to be 
e 

he transformers have so far been very satisfactory 
and reliable, only five defects having occurred among 
71 transformers of the 310-k.v.a. type, many of which 
have now reached 500,000 miles. After about ten years’ 
service the sheet insulation between the high-tension and 
the low-tension coils wes renewed, and it is hoped that a 
considerable further life will accrue before further 
attention is required. 

Rolling-Stock — Mechanical Equipment.—In motor- 
coach bogies every effort should be made to keep all 
clearances down to the minimum practical limit of wear. 
For this _— axle-box horn cheeks have been fitted 
with U-shaped gun-metal liners, and similar attention 
has been given to all other points of wear, on bolsters, 
transoms, &c. Good braking is of the utmost importance. 
The Westinghouse automatic air brake, combined with 
clasp brakes and an automatic slack-adjuster, enable an 
average deceleration of not legs than 3 ft. second 
per second to be maintained, und the brakes to be released 
within about 3 seconds. Drivers’ brake valves are 
cleaned and in position once in three months, 
and triple valves once in six months. 

The original decision to use “ side-door compartment 
stock ’’ has been completely justified by the operating 
results obtained. Trains can be emptied and filled at 
terminal stations in about the same time as the motor- 
man takes to walk from one end to the other. All the 
original slam locks of the safety-catch type, with internal 
operation, are still in use. voltage provided for 
train lighting is 300 volts, and four lamps are placed in 








* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesiay, January 9, 1923. 
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in each compartment, but on different circuits. 

Repair Shops.—Repair-shop and car-shed facilities are 
limited, and it is important, therefore, that both general 
overhaul and inspection work should be kept strictly 
within the mileage limits fixed for each job. Further, 
detail i ion is done by day, once in three weeks, 
and night work is confined to indispensable electrical 
and mi ical examination. General overhaul of 
motor-coaches takes place at 60,000 miles, equivalent 
to eighteen months’ running, and of trailer coaches at 
120,000 miles. 

Electric Track Equipment.—In order that the current 
collection by the bows may be good, considerable atten- 
tion has been given to rendering the trolley wire absolutely 
flexible at all points. It is also desirable to provide the 
overhead construction with such uniform strength and 
resistance to deterioration that inspection and minor 
repairs can be safely eliminated, and that renovation 
can be carried out in a wholesale and convenient manner, 
like the renewal of track, thus effecting the greatest 
economy. On sections where there is no steam traffic 
the renewal of catenary and dropper wires necessitated 
by corrosion is only about 10 per cent. of thiat on sections 
where a heavy steam trafiic is still ing. The rate of 
wear of the trolley wire has been found to be almost 
directly proportional at any point to the amount of 
current collected there. 

Two central distributing switch cabins, with one 
attendant in each, together control the erly and dis- 
tribution of energy to the whole 70 miles of electrified line. 
When necessary, the trolley switches in local switch 
cabins are operated by the staff at the station concerned 
in accordance with telephoned instructions from one of 
the central switch cabins. As the whole line is divided 
into five group sections, for which group switches with 
instantaneous tripping are provided in the central switch 
cabins, switch-gear operation and maintenance is chiefly 
confined to these group switches. An advantage of high- 
tension distribution is that the difference between fault 
and normal currents is very marked, and the consequent 
automatic location of faults materially conduces to safety 
and reliability of operation. 

Train-Driving.—The characteristic of the motors is 
such that the use of only five controller steps increases 
the voltage in such a way as to obtain almost uniform 
acceleration until a comparatively high speed is reached. 
Motor-men c! step by observing the value of the 
current indica‘ by an ammeter, and the points for 
shutting off current are marked by “ coasting boards ” 
fixed at the side of the line. During 1921 the average 
energy consumption was 75-8 watt-hours per ton-mile, 
the train service being 5,959,737 coach miles, with a 
distance between train stops of 1-14 mile, an average 
running-speed of 24-36 m.p.h., and a schedule speed of 
22-11 m.p.h. including stops. A series of test runs was 
recently taken over a range of 0-4 mile to 9 miles between 
stops, from which it appeared that for the latter distance 
an average running-speed of 33-1 m.p.h. could be 
obtained with an energy consumption of only 40 watt- 
hours per ton-mile. 





GOTHENBURG ExursiT1Ion.—The City of Gothenburg 
—the chief Sipping port and export harbour in Sweden— 
will celebrate the tercentenary of its foundation with a 
Jubilee Exhibition, to be held from May 8 to Septem- 
ber 30, 1923. The address of the Exhibition Bureau is 
Utstallningsbyran, Gothenburg 5. 





THE LATE PROFESSOR NarutTowicz.—It is not gener- 
ally known that Gabriel Narutowicz, who was lately 
President of the Republic of Poland, was an engineer 
of considerable distinction highly esteemed both in 
Switzerland, where he worked and taught, and in 
other countries, before he returned to his native 
country. Gabriel Narutowicz was born at Telsche, in 
Lithuania, in 1865, and was educated at the German 
classical school in Libau and at the University of Petro- 
grad, where mathematics were his chief study. Dis- 
satisfied with the political conditions he went in 1886 
to Switzerland and completed his — eering studies, 
interrupted by prolonged illness, at the Federal High 
School of Ziirich in the year 1891. Having worked on 
railways he became connected with the firm of Messrs. 
Kursteiner, consulting engineers, of St. Gallen. Remaining 
with them for thirteen years, finally as a partner, he de- 
voted himself mainly to hydraulic engineering. He had 
an important share in the construction of the electricity 
works of Kubel, Andelsbuch, Refrain and Monthey, 
and when in 1908 the professorship of hydraulic engineer- 
ing at the Ziirich Federal High School fell vacant, he 
was offered this post, which he filled to the full satis- 
faction of the authorities and of his students. His 
academical duties enabled him to continue his activity 
as a consulting engineer; his name became chiefly 
known in connection with the repair of the electricity 
works at pea, se and with the power plants at Miihle- 
berg on the Aare; at Montjovet in the Aosta Valley, 
and at Buitreras in Spain. The work at Miihleberg 
was much impeded by the war and was considered to 
have been particularly well carried out. A member of 
several Swiss technical commissions, he was also elected 
a member of the International Commission for the 
Regularisation of the Rhine. When matters quieted down 
in Poland, he left Switzerland early in 1920, where he had 
lost his wife, and accepted the arduous post of Minister 
of Public Works in Poland. A man of rare energy, he 

ieved great success as reconstructor of streets, houses 
and bridges. His country then sent him to the Genova 
Conference as second Polish delegate, and made him 
subsequently Minister of Foreign Affairs. On Decem- 
ber 9 he was elected President of the Republic for the 
period of seven years; seven days later he fell a victim 





to political fanaticism, on December 16. 


series on each circuit. There are four 2l-watt lamps] 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel._-The New Year opens with considerable 
promise, improved order books and an abundance of 
inquiries are reflected by a distinctly more cheerful tone 
in manufacturing circles. The Master Cutler, Mr. R. W. 
Matthews, in a special interview, expressed optimism, 
and forecasted that the next few months would witness 
a substantial improvement in the steel and engineering 
industries, especially among manufacturers of railway 
material and engineers’ tools. Some nice orders have 
already been placed with Sheffield and allied firms by 
home and overseas railways, and more are confidently 
expected at an early date. The revival in shipbuilding 
materials is at present slight, but judging from the state 
of the heavy forges and foundries, it is expanding steadily. 
Business is slowly improving in the automobie section, 
and agricultural engineers are more hopeful. Trade 
organisers are anxious to avoid a sudden return to boom 
conditions. Prices are already firming up all alcag the 
line throughout basic and semi-finished departments. 
The danger foreseen by responsible students of the 
position is that a too-rapid recovery would cause an 
undesirable inflation of values and check the flow of new 
business. Basic steel works are not less active than 
towards the close of the old year, but they are by no 
means the only departments that are turning out a heavy 
tonnage. Some of the hire rolling-mills are so busy 
that within the last three weeks they have broken pre- 
war records of output. Steel scrap is in urgent demand 
at higher rates, more furnaces having been put into 
commission. A steadily expanding business is being done 
in drills, hacksaws and fishbolts. Special attention is 
being paid to the manufacture of cheap tools and imple- 
ments for certain parts of the Colonies. Manufacturers 
are protecting their reputation for high-grade products 
by using exclusive trade marks for the lower quality 
articles. 

South Yorkshire Coal Trade.—With the market only 
just recovering from the holiday stoppage, at the pits 
business is restricted, but stocks are light and collieries 
occupy a fairly strong position with regard to the 
immediate future. Industrial fuel will come more into 
the picture towards the end of the week. Meantime 
heavy tonnages of best steams are going inland on con- 
tract account, and there is a fair demand for shipment. 
House-coal orders have accumulated at depots over 
the holidays, but merchants have adequate reserves 
at their command to meet requirements. Cobbles and 
nuts are firmly maintained at recent advances. By- 
product plants are taking an increased tonnage of 
slacks. Furnace coke continues strong. Quotations :— 
Best branch handpicked, 32s. 6d. to 34s. 6d.; Barnsley 
best Silkstone, 28s. to 30s.; Derbyshire best brights, 
24s. to 26s.; Derbyshire best house, 21s. 6d. to 22s. 6d. ; 
Derbyshire best large nuts, 19s. 6d. to 22s. 6d. ; Derby- 
shire best small nuts, 15s. to 16s. 6d.; Yorksh :e hards, 
20s. to 21ls.; Derbyshire hards, 19s. to 20s. 6d.; rough 
slacks, 9s. to lls.; nutty slacks, 7s. 9d. to 9s. 9d. ; 
smalls, 3s. to 5. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—-Little new can be reported 
concerning Cleveland pig-iron. As is usual at this season 
of the year business has been practically at a standstill, 
and with deliveries curtailed through consuming works 
closing for the holiday week, producers have been able 
to accumulate a little stock—a circumstance welcomed 
by some firms who have had little or no iron on hand 
for some time past. The opinion now prevails that 
successful Continental competition to any extent is 
no longer to be feared, but Midland iron is still under- 
selling Cleveland pig-iron in some markets. The f.o.t. 
makers’ works, and f.o.b. quotations stand:—No. 1 
and siliceous sort, 95s.; No. 3 G.M.B., 90s. to 90s. 6d. ; 
No. 4 foundry, 85s. ; No. 4 forge, 82s. 6d. ; and mottled 
and white, 80s. 

Hematite.—East Coast hematite makers are fairly well 
placed, and take the view that output promises to be 
fully absorbed. Nos. 1, 2 and 3 run from 92s. 6d. to 
93s. ; and No. 1 is put at a premium of 6d. 


Blast-Furnace Coke.—Durham furnace coke is scarce 
and very stiff in price. Sellers will not now entertain 
offers at below 30s. for medium qualities delivered, and 
up to 31s. and even more is asked. 


Foreign Ore.—Dealers in foreign ore admit that sales 
are still very slow, but are inclined to take a more hopeful 
view of the outlook. Best rubio is 22s. to 22s. 6d. 
c.i.f. Tees. 

Manufactured Iron and Steel—The situation in 
finished iron and steel is much improved. Most manu- 
facturers have now made good contracts, and expect to 
book further substantial orders. Among the principal 
market quotations are :—Common iron bars, 101. 10s. ; 
iron rivets, 101. 7s. 6d. ; packing (parallel), 87.; packing 
(tapered), 11/.; steel billets (soft), 8/.; steel billets 
(medium), 87. 10s.; steel billets (hard), 81. 15s.; steel 
boiler plates, 12/7. 10s. ; steel ship, bridge and tank plates, 
91. to 91. 5s. ; steel angles, 81. 15s. ; steel rivets, 111. 7s. 6d.; 
steel joists, 91. 10s.; tees, 101.; heavy sections of steel 
rails, 91. ; fish plates, 13/. to 141.; black sheets, 11/. 10s., 
and galvanised corrugated sheets (No 24. gauge, in 
bundles), 177. 

Shipments of Iron and Steel.—Shipments of iron and 
steel from the port of Middlesbrough last month reached 
84,101 tons, to which must be added 5,229 tons of pig- 
iron loaded at Skiningrove, which makes the total 
capenees from the Tees district 89,329 tons. Of the 
Middlesbrough clearances, 39,188 tons were pig-iron, 
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5,701 tons going coastwise and 33,487 tons going to 
foreign ports; 1,846 tons were manufactured iron, 
935 tons going coastwise and 911 tons foreign; and 
43,067 tons were steel, 7,381 tons going coastwise and 
35,685 tons foreign. The United States was the principal 
purchaser of pig-iron, importing 22,450 tons ; W: being 
second with 3,050 tons; whi ium took 2,850 
tons; France, 1,912 tons; Seotland, 1,675 tons; 
Germany, 1,505 tons; and Sweden, 1,314 tons. India 
was the heaviest recipient of both manufactured iron 
and steel, taking 338 tons of the former, and 6,715 tons 
of the latter. Other chief customers for steel were :— 
Portugal, 5,300 tons; West Australia, 4,572 tons; 
New South Wales, 3,723 tons; Victoria, 3,110 tons; 
and New Zealand, 2,640 tons. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—With the finish of the year 1922 
there has been placed behind us one of those poor years 
which the Scottish steel-maker is not sorry to see relegated 
to the past. Certainly it has been a trifle better than its 
predecessor, but it will rank a long way behind 1920, when 
the. output was on a very large scale. During the year 
there were one or two brighter periods, but at no time 
was there experienced any great pressure for deliveries 
of almost any class of material. With the shipbuilding 
trade tailing off as it did, and few new contracts being 
booked to take the places of those vessels launched, the 
demand for ship plates was at times a negligible quantity. 
The price was not always satisfactory either from the 
producers’ or the consumers’ point of view. At the 
beginning of the year the price was 10/. 10s. per ton, 
but it declined on various dates until it reached 81. 15s., 
at which figure the year closed. In the case of angles 
the position was much the same and no great demand 
was experienced. Prices also showed a fall and the 
price of 107. a year ago is called 8/. 7s. 6d. per ton to- 
day. Boiler plates fell from 14/. per ton last January 
to 121. per ton as from November. One item worth 
recording here was the “freeing ’’ which took place in 
August when the old a home-selling agreement 
went by the board, but boiler plates were made the 
exception. The makers of black steel sheets have not 
had a very brilliant year, and, except for one or two 
periods of fair shipping orders for the thinner gauges, 
trade on the whole ae been poor. The prices for sheets, 
*, in. to } in. thick, were 12/. 5s. per ton when the year 
opened, but reductions for the home market were made 
on three occasions and the year closed with the quotation 
at 101. 10s. per ton. All over prices have declined and 
producers have still had to face their heavy on-cost 
charges and much of the business which was taken was 
only to keep plant running, with the result that there 
was practically no margin of profit, and in many cases 
an actual loss, Continental competition was very keen 
for a number of months, but poor deliveries caused many 
orders to be cancelled, which acted in favour of the home 
product. 

In dealing with the prospects for the new year it 
can only be said that the outlook is quite promising. 
Much has been written in different quarters regarding 
the increase in trade which, we are assured, is about to 
take place. That state would be extremely welcome 
to all, but it will be some time yet before conditions are 
really better. Quite a number of new shipbuilding 
orders have been placed recently and much has been 
made of that, but hundreds more are uired to give 
our many shipyards even a semblance of the activity we 
have been used to in past years. Costs of construction 
are about as low just now as can be expected, and there 
would seem to be a greater possibility of steel material 
advancing than falling in price. If our foreign trade 
increases as we expect it to do on account of the bareness 
of many of the markets abroad, the costs of production 
will be eased and prices keep steady. 


Malleable-Iron Trade.—The high cost of production, 
coupled with a very poor demand for bar iron, has made 
the past year a very moderate one in the malleable-iron 
trade of Scotland. Makers have been faced with 
difficulties all the time, and so keen was the competition 
for any orders on offer that much business was accepted 
of an unprofitable nature. The workers have also had a 
very poor time because of so much unemployment, but 
the outlook is better now and there are prospects of 
more regular work for them this year. Over the year 
the home requirements were very small indeed, and 
not until the closing days was there any sign of improve- 
ment. The export side of the trade has not been at all 
satisfactory, but there again the prospects are better, 
and not only have Colonial buyers been forward recently 
with some good inquiries, but one or two quite respectable 
lines were picked up towards the end of the year. Prices 
eased off during the year and marked a fall of 2/. per ton, 

‘crown ” bars being 12/. 10s. per ton last January and 
10/. 10s. per ton to-day, delivered Glasgow. 


Scottish Pig-Iron Trade—The year 1922 was one of 
many trials to the makers of pig-iron in Scotland, and 
ups and downs were numerous. In the early months 
of the year the home demand was almost nil. Export 
trade was also insignificant, with the result that the nine 
furnaces in blast were more than able to meet ali require- 
ments, with sven some over to stock. In the spring 
came the engineering trade lock-out which lasted three 
months and which effectively took the bottom out of the 
small business doing. But before that dispute had 
ended labour troubles in America broke out, with the 
result that urgent inquiries for pig-iron were received 
on this side. The local makers were fortunate to secure 
a fair amount of the business offered, although at a very 
low price, and not only were accumulations of stocks 
cleared out in a hurry, but more furnaces were lighted, 
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and by the autumn there were 30 in full blast. When 
the demand fell away towards the end of the year stocking 
had again to be indulged in. The prospects of the trade 
for this — are a bit uncertain, but it is believed we are 
round the corner now and that a steady improvement 
will take place. Prices have fluctuated during the year, 
and No, 1 foundry iron at its highest point was 5I. 12s. 6d. 
per ton and No. 3 was 51. 7s. 6d. per ton. The lowest 
quotations were: No. 1, 4/. 15s., and No. 3, 41. 10s., 
while to-day the prices are called 5/. per ton for No. 1, 
and 4l. 15s. per ton for No. 3, delivered makers’ works. 
The story of Scottish hematite for the past year is very 
brief because of the very unsatisfactory demand for steel 
from shipbuilders. For a considerable period only one 
furnace was turning out hematite iron, But latterly the 
demand got better and several others were put into 
commission. The outlook is much brighter now and 
considerable more business is anticipated by the spring. 
To-day’s price is 51. 7s. 6d. per ton, delivered at the steel 
works, which is 7s. 6d.. per ton under the highest price 
of the year, but 2s. 6d. per ton over the lowest. 


Scottish Shipbuilding.—The Scottish shipbuilding in- 
dustry of 1922 may be described as very diseppointing 
indeed. There have been many factors against the 
trade, largely due to the backwash of the war, but it is 
generally thought that we are now past the worst and that 
our great industry will gradually get better as this year 
goes on. The output was not satisfactory, as the 
following figures show :-— 


1922. 1921. 
ct tn VE ~ ee A 
Vessels. Tons. Vessels. Tons. 





The Clyde ... -» 143 388,481 249 511,185 
The Forth ... was 22 22,430 26 37,485 
The Tay... ae 10 32,279 14 18,336 
The Dee and Moray 
Birth. 0:35 ai. 15 3,807 24 13,210 
Total ... -- 190 446,997 313 580,216 


Even when the figures of last year are compared as above 
with those of the preceding year, they do not show up 
too well. The Clyde output in particular is a long 
way below the record year, but the prospects at present 
are all tending towards a revival and, perhaps, a much 
better return will be possible a year hence. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—In November the surplus profits 
of the South Wales coal trade amounted to 216,9871., 
but, as a surplus of 407,000/, is required to pay the 
minimum wage, the coalowners are again Senspeled to 
sacrifice 191,000/. of their profits. The wage payable 
according to the joint accountants’ certificate is 16-09 
per cent. above the 1915 standard, but the minimum is 
28 per cent. above the standard, to which must also be 
added the subsistence wage fixed under the recent award 
of Lord Buxton. In the twelve months ended November 
the coalowners have been compelled to sacrifice no 
less than 3,057,000/. in the payment of the minimum 
wage, and the whole of this sum is irrecoverable. Com- 
pared with October the output showed an increase of 
171,000 tons and the wages cost per ton fell 1d., but this 
was offset by an increase of ld. per ton in “ other costs,” 
owing to an advance in the price of materials, particu- 
larly pitwood. The revenue of the coal trade in Novem- 
ber suffered from an appreciable decline in the prices of 
anthracite and steam small coals. Anthracite small 
was reduced from 26s. 4d. to 26s. 3d. and large from 
49s. 5d. to 478. 11d., while steam smalls averaged 16s. 6d. 
compared with 16s. 1ld, in October. The amount of 
wages paid in November was 2,443,502/., compared with 
1,678,000/. in the corresponding month of 1913, an 
increase of 765,000/. for producing the same quantity of 
coal. Exports of coal as cargo from South Wales 
last year amounted to 25,700,000 tons, compared with 
11,800,000 tons in the 1921 strike year, 12,300,000 tons 
in 1920, and 29,875,000 tons in 1913. Thus exports last 
year were doubled as compared with the previous twelve 
months, but 4,000,000 tons less than in the pre-war year. 
The question of a third working shift for coal trimmers 
and tippers at the docks is still receiving the serious 
attention of the employers and workmen, and a joint 
conference has been to deal with the matter. 
It is, however, expected that the whole question will be 
submitted to an inquiry under the Industrial Courts 
Act. The American demand for Welsh coal is again 
assuming 1 proportions. It is, however, impossible 
to estimate the business placed or in negotiation as the 
orders and inquiries have been placed among so many 
firms. At any rate it is,known that, besides contracts 
for 50,000 tons and 100,000 tons, several vessels of from 
5,000 tons to 7,000 tons have been fixed to load cargoes 
this month, while there are still several definite orders 
for tonnage in the market. Meanwhile, jae have 
developed irregularity by reason of tonnage having been 
delayed by the recent bad weather. For quick shipment, 
Admiralty large coals are obtainable at 27s. to 27s. 6d. 
and smalls at 17s, to 17s. 6d., but for shipment ahead 
6d. to 1s. more is firmly demanded. 


Iron and Steel.—In view of the intervention of the 
Christmas holidays, shipments of iron and steel goods last 
week were reduced to 3,594 tons, compared with 24,059 
tons in the previous week. of black plates 
totalled 906 tons, against 1,290 tons; tin plates 953 
tons, against 9,980 tons; galvanised sheets 128 tons, 
against 4,453 tons; and other iron and steel to 1,607 
tons, against 8,336 tons. There isan improved demand 
for Welsh tin plates on both home and foreign account on 





prices firm on the basis of 20s. 3d. to 20s. 6d. per basis box. 





NOTICES OF MEETINGS. 


Tue Instirution or Locomotive ENGINEERS 
(LonpoNn): MancuestTer CenTRE.—Friday, January 5, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. Paper by Mr. H. Kelway Bamber, M.V.O., 
on “* South African Railways and Rolling-Stock.” 


Tue INstTITUTION oF AERONAUTICAL ENGINEERS.— 
Friday , January 5, at 6.30 p.m., at the Engineers’ Club, 
Coventry -street, Discussion on “Gliding” and 
** Gliders at Itford.” 


THe Braprorp ENGINEERING Socrety.—Monday, 
January 8, at 7.30 p.m., in the Hall of the Bradford 
Technical College. Lecture by Mr. F. C. H. Lantsberry 
on “ Steel Castings.” 

Tae Surveyors’ Instrrution.—Monday, January 8, 
at 8 p.m., in the Lecture Hall of the Institution, 12, Great 

-street, S.W.1. Paper by Mr. F. W. Hunt, 
entitled “‘ Zoning in the Control of Large Cities.” 


Tue Instirution or ExecrricaL ENGINEERS: Scor- 
TIsH CENTRE.—Tuesday, January 9, at 7 p.m., at the 
North British Station Hotel, Edinburgh. Paper, 
** Domestic Load Building,” by Mr. W. A. Gillott. 


Tae Instirvure or INDUSTRIAL ADMINISTRATION.— 
Tuesday, January 9, at 8 p.m., at the London School of 
Economics, Houghton-street, Aldwych, W.C. 2. Lecture 
on “ The Future of Payment by Results,” by Mr. J. E. 
Powell. 

Tae Instrrution or Civi, ENGrNEERs.—Tuesday, 
January 9, at 6 p.m., Ordinary Meeting. Paper to be 
submitted for discussion: ‘‘ Twelve Years’ Operation of 
Electric Traction on the London, Brighton and South 
Coast Railway,” by Mr. Henry Walter Huntingford 
Richards. 

Tue InstituTre or Marine ENGINEERS.—Tuesday, 
January 9, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1, “‘Gas Engines and Gas Producer Plants,” by 
Hugh Campbell. 

Tae Instirute or Merrats: BrrmincHam Loca, 
Szction.—Tuesday January 9, at 7 p.m., in the Chamber 
of Commerce, New-street. Paper on “ X-Rays and 
Crystal Structure,’’ by Mr. H. B. Keene, D.Sc. 


Tae Instirrure or Merats: Scorrish Loca 
Srct1on.—Tuesday, January 9, at 7.30 p.m., in the rooms 
of the Institution of Engineers and Shipbuilders in 
Scotland, 38, Elmbank-crescent, Glasgow. Paper on 
“The Heat Treatment of Some Industrial Non-Ferrous 
Alloys,” by Professor F. C. Thompson, D.Met., B.Sc. 


Tue InstituTiIon or AUTOMOBILE ENGINEERS.— 
Wednesday, January 10, at 7.45 p.m., at the Institution 
of Mechanical Engineers, Storey’s Gate, St. James’s Park, 
S.W. 1. Paper, “ Railless Trolley Traction,’’ by Mr. 
O. W. J. Taffs, B.Sc. 

Tue InstTiTuTION oF ELECTRICAL ENGINEERS: WIRE- 
LEss SEcTION.—Wednesday, January 10, at 6 p.m., in the 
Lecture Theatre of the Institution, Victoria Embank- 
ment, W.C.1. “Design of Radio Towers and Masts: 
Wind Pressure Assumptions,”’ by Mr. C. F. Elwell. 


Tae Royat Soorety or Arts.—Wednesday, January 
10, at 3 p.m., at John-street, Adelphi, W.C. 2. Juvenile 
Lecture, “The Spectrum, its Colours, Lines and In- 
visible Parts, and Some of its Industrial Applications ” 
(Lecture II), by Mr. Charles R. Darling, A.R.C.Sc., F.I.C. 


Tse Institvre or Metats: Lonpon Locat SEcrIon. 
—tThursday, January 11, at 8 p.m., in the Rooms of the 
Institute of Marine Engineers, 85 to 88, The Minories, 
Tower Hill, E.1. Paper on ‘Some Aspects of Electro- 
deposition,” by Mr. W.E. Hughes, B.A. 

Institution OF MerzHantoan EnGinerers.— Friday, 
January 12, at 7 p.m., Storey’s Gate, St- James’s Park, 
S.W.1. Informal meeting. Subject, “Technical Jour- 
nals and their Use to the Engineering Profession.” Dis- 
cussion to be opened by Mr. A. P. Bale. 


Tse Junior InstiITuTION oF ENGINEERS.—Friday, 
January 12, at 7.30 p.m., at 39, Victoria-street, S.W. 1, 
Paper, “ Transient Phenomena Arising in Transformers 
from Switching Operations,’’ by Mr. 8S. A. Stigant. 


Tue Norrs-East Coast InstTiTuTION OF ENGINEERS 
anp SHrpspuripers.—Friday, January 12 and 26, at 
Bolbec Hall, Newcastle-on-Tyne. ‘“‘ Review of Different 
T. of Marine Internal-Combustion Engines.” Con- 
tributions by Sir W. G. Armstrong, Whitworth and Co., 
Limited ; William Doxford and Sens, Limited ; Hawthorn, 
Leslie and Co., Limited; Palmers Shipbuilding and Iron 
Company, Limited ; Scott’s Shipbuilding and Engineering 
Company, Limited ; Swan, Hunter and Wigham Richard- 
son, Limited; and Vickers, Limited. 


cooeue 








THe Lonpon Iron anp Sree, Excuance.—The 
uarterly meeting will be held at the Metal Exchange 

ms, Whittington - avenue, E.C.3, on Tuesday, 
the 9th inst., when Sir Philip Pilditch, M.P., will give 
an address on “ Our Overseas Markets in South America, 
and particularly Brazil.” 





British Empree Exursition.—In view of the large 
demand for particularly for the engineering 
and electrical exhibits—at the British Empire Exhibition, 
it has been found necessary to recommend tho extension 
of the Machinery Hall by the addition of 70,000 sq. ft. 
of space, in order to house the entire sea and land trans- 

ort group of exhibits in the extension. The Machinery 
Frau, when extended, and the already extended Industrial 
Hall, -which originally occupied a-combined area of 
800,000 sq. ft., will cover 889,415 sq. ft. The two halls 
face to each other, on either side of the Grand Avenue. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 

| W.C, 2. 

We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TeLEGRAPHIO ) “ ENGINEERING,” WESTRAND, 

ADDEESS } LONDO 
TururHonrs Numpxrs—3663 and 8598 GERRARD: 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 

















free, at the following rates, for twelve months, payable 
in advance i— 
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plete copies through ta are requested to 
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ADVERTISEMENT RATES. 


The for advertisements classified under the 
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| or under, and one shilling per line up to one inch. 
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}inch. Payment must accompany all orders for single 
advertisements, otherwise r insertion cannot 
| guaranteed. Terms for displayed advertisements on 
| the wrapper and on the inside pages may be obtained 
on application, The are 12 in. deep and 9 in. 
_ wide, divisible into four columns of 2} in. in width. 
_ Serial advertisements will be inserted with all practic- 
‘able regularity, but absolute regularity cannot be 
| guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 
_ Advertisements intended for insertion in the 
| current week's issue must be delivered not 
\later than First Post on Thursday. In con- 
)} sequence of the necessity of going to press 
early with a portion of the edition, altera- 
| tions for standing advertisements should be 
received on the Friday previous to the day 
of publication. 


All accounts are payable to ENGINEERING LTD. 
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an on Bank of England, Limi Charing Cross 
Branch.” Post-Office Orders should be made payable 
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THE NEW ORGANISATION OF BRITISH 
RAILWAYS. 

Ir is no exaggeration to say that the whole mental 
outlook of this country has changed within the 
lifetime of the middle-agéd. The genesis of the 
change lies far back in history, and the forerunners 
who saw better than their fellows may well have 
thought that the ideals for which they stood made 
Gradually, however, 
a change has come about. It was greatly hastened 
by the war, and to-day the whole mental attitude 
of the nation is of an altogether different quality 
from that of forty to fifty years ago. The new 
orientation is possibly connected with the new 
growth of the spirit of nationalism which is evident 
throughout Europe. It is difficult to describe in 
set terms, but its effects are written broad across the 
present day. It may perhaps be described as a new 
social conscience, and one of its most obvious effects 
may be seen in the way in which unemployment is 
looked at and treated as compared with the practice 
of no great while ago. 

To call this new habit of mind a social conscience 
is perhaps, however, to give it a quality of sympathy 
and charity which, although not alien to it, is in- 
adequate to explain it properly. The new mental 
outlook .is equally illustrated in the legislation 
designed to introduce unity and common working 
into the business of electricity supply or in the 
amalgamation of our railways into four great groups, 
and it is not usual to associate either of these pro- 
ceedings with the ideals for which Charity stands. 


:| Her sisters, Faith and Hope, would appear to be 


nearer the heart of these particular manifestations 
of the new spirit. This new mental attitude con- 





ceives of society as a whole in a way that would 


- | instructed public opinion. 


have been foreign to the average man of not very 
many years ago. He would not have readily agreed 
to the proposition that the nation as a whole cannot 
afford to allow the deterioration of its workpeople 


3| in periods of bad trade and must do ail it can to 


assist them over such stages, which now recéives 
general acceptance as a matter of course. Similarly 
the jettisoning of cherished ideas about the rights 
of local government or the benefits of competition 
is now watched unmoved in view of the new con- 
ception of the advantages of common service and 
unity of effort in electricity supply. 

The Railway Act is the latest manifestation of 
this point of view, and many of the hopes which are 
associated with the New Year are basing themselves 
on the service which this Act is to render to the 
country. One trusts these hopes may not be 
disappointed. John Bright said “‘ We stand on 
the shoulders of our forefathers, and see further.” 
In a sense this is probably true of any age; in 
another it is true of none. But in the looking to the 
future—the longing for the future—which is charac- 
teristic of the time, the phrase has a peculiar 
appositeness to the day. The nation is looking 
forward to a better future and is showing much 
unity and courage in carrying out measures which 
interpret the new feeling of a common unity. 

There is nothing very novel in the idea of uniting 
a number of enterprises, engaged on a common 
activity, into a single combine, but there is much 
novelty in finding this procedure urged by public 
opinion. A fair amount of trade combination has 
been seen in this country, and still more in some 
others, and while the promoters of such combines 
have usually not failed to point out that they are 
for the public benefit, public opinion has, as a rule, 
been of an opposite opinion. Nothing better could 
illustrate the new spirit and faith of the time than 
this public belief in combination, which is being 
carried to the length of forcing such combination 
on reluctant private companies. This matter need 
not be interpreted as a conversion to socialism, 
and it is fairly certain that this type of combination 
would not be encouraged for other than public 
services. This aspect of the matter, however, we 
need not now pursue. 

There are both advantages and dangers in the 
public backing which the railway combinations are 
receiving. They will begin operations under the 
zegis of a general goodwill which is a valuable asset, 
but danger lies in the expectations which this good- 
will necessarily carries to a comparatively un- 
A very slight considera- 
tion of the problem with which the new organisations 
have to deal will show that no startling results can 
be expected immediately, but it is likely to prove 
difficult to get the public to take this slight con- 
sideration. The problem which confronts the 
staffs of the new companies is sufficiently iliustrated 
by the fact that the London and North-Eastern 
Railway has a total mileage of 6,700 and covers 
the combination of six important railways. The 
London, Midland and Scottish Railway has a mileage 
of 7,300 and includes seven large companies. That 
these new organisations should be able to introduce 
better facilities and make important economies, 
which were beyond the reach of the original com- 
panies, there is no doubt, but it will prevent dis- 
appointment if it is realised that they cannot be 
expected to do a great deal this year or even next. 

It is clear that organisations of the size of these 
must in some way be worked sectionally, and it has 
already been announced that the London and 
North-Eastern will be operated under three divisional 
general managers. Mr. 8. A. Parnwell will adminis- 
ter the territoryforiginally covered by the Great 
Central, the Great Eastern and the] Great Northern 
Railways, Mr. Alex. Wilson that originally served 
by the North-Eastern Railway, and Mr. J. Calder 
will deal with the Scottish area, which covers the 
ground formed by the North British and Great 
North of Scotland. These divisional general 
managers will have areas as large as, or larger than, 
those administered by the general managers of the 
original constituent companies, which should itself 
tend to economy, but, in addition, they will have the 
advantage of acting in conjunction with Mr. R. L. 
Wedgwood who will act as chief general manager. 





This arrangement will avoid too much centralisation, 
but should at the same time give the divisional 
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managers all the advantages of acting in conjunction 
with a large central company, of which their area 
forms a part, instead of with possibly friendly but 
still independent companies. In the case of the 
London, Midland and Scottish Railway, Mr. Arthur 
Watson is to act as general manager of the whole 
line, and Mr. D. A. Matheson as deputy-general 
manager for Scotland. All the staff arrangements 
for this combination are, we think, not yet complete. 

Under the new dispensation obvious economies 
may be achieved in connection with material. It is 
clear that the number of types of locomotives in use 
on the London, Midland and Scottish and on the 
London and North-Eastern Railways will ultimately 
be reduced, which in itself should tend to economy in 
manufacture, replacements and the carrying of 
spares, while sooner or later one may take it that 
some type of more or less specialised building in 
the various works will be undertaken. Some 
of the works will no doubt in time be abandoned, and 
manufacture concentrated on the most suitable and 
economic sites. The same kind of thing must take 
place in connection with carriage building. Reforms 
and reorganisations of this kind cannot, however, 
be carried out on a large scale in a hurry and without 
important gapital expenditure, and it will but lead 
to disappointment if the public expect to see any 
very immediate results from movements of this 
kind. Apart from inherent difficulties, such matters 
can but move slowly in view of the personal factor 
which is involved. We have said that the new 
~ organisations start out in the light of public goodwill 
and. there is no reason to suppose that the staffs 
of the constituent companies wish the combinations 
other than well, When looking for early result 
however, it is well to realise that the older officials 
cannot be expected to view the passing of the 
autonomy of their positions with any particular 
pleasure, and it must be expected that some of the 
ordinary inertia of human nature will have to be 
overcome in carrying through far-reaching changes. 

It is more in the direction of increased facilities 
than important economies that the first fruits of 
the amalgamation are likely to be seen. These 
may in themselves carry economies, but they will 
not be of the magnitude that should be possible in 
years tocome. It is obvious that the amalgamation 
of what have hitherto been competing routes should 
make better public service not incompatible with 
economies. The operation of the two routes between 
London and Manchester and London and Glasgow, 
for instance, by a single organisation should result 
in an arrangement of schedules which will give the 
public all the service they require and yet will avoid 
wasteful overlapping. Many other similar cases 
could be quoted. Something more may no doubt 
also be done towards increased through services, but 
in many instances these will still involve operation 
over the lines of two companies, and in any case 
a good deal has been done in this direction in recent 
years. There should, however, obviously, be a 
considerable extension of the possibility of using the 
return-halves of tickets over alternate routes, which 
in many cases is a considerable public convenience. 
We have no idea what the intentions may be in 
that direction, but it would appear that a con- 
siderable extension of the possibilities of bookng 
in advance might well be offered to the public. 
Presumably, some of the present town offices will 
disappear, but those that remain will become of 
greater importance, and some may require enlarge- 
ment. It would appear that pre-booking at these 
offices might well be encouraged. Some railways 
in the past had admirable pre-booking systems, but 
they were not very prominently advertised and 
passengers were frequently charged extra for the 
privilege of buying their tiekets beforehand. There 
appears no good reason for vhis. One is not charged 
extra for buying a theatre ticket beforehand and it 
can only be to the advantage of railway companies, 
especially at busy times, that they should have 
foreknowledge of a particularly heavy demand on 
any one day. 

A very important feature of the Railway Act 
has yet to be mentioned. This concerns the limita- 
tion of the fund out of which dividends may be paid. 
Any surplus of revenue beyond that necessary to 
pay dividends equal to those of 1913 is to be divided 
into two parts, of which the larger, representing 
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80 per cent. of the total, is to be expended in reducing 
charges, the remainder going to increase dividends, 
This is another application of the valuable system 
under which it pays a monopoly company to sell 
their commodity as cheaply as possible. It may be 
compared with the method under which a gas com- 
pany is not allowed to increase its dividend beyond 
a stipulated percentage unless it reduces the price 
of gas proportionately. The railway companies 
have now every incentive to work economically and 
efficiently. We fear, however, they have some way to 
go before their 20 per cent. share of surplus revenue 
amounts to any considerable sum. The amalgama- 
tions will help them, but labour costs are still a de- 
plorably heavy charge. Wages are based on definite 
agreements, which in essence must stand, but there is 
little doubt that much might be done by a common- 
sense and broad interpretation of the eight-hours’ 
agreement, and it is much to be hoped that the 
labour unions concerned will be prepared to look 
at this matter in a fair way and not to insist on 
the letter when it leads to unjustifiable expense 
which ultimately falls on the country at large. 








THE ENFORCEMENT OF INDUSTRIAL 
AGREEMENTS. 

A Scorrisn judge (Sheriff J. A. Fleming, K.C.) 
has issued an important judgment in an action in 
the Sheriff Court at Dunfermline at the instance of 
two miners, David Mackenzie and James Scott, 
against the Fife Coal Company, Limited, on the 
subject of the legal effect of the terms of settlement 
of the mining dispute of 1921, which were signed 
by the Mining Association of Great Britain and the 
Miners’ Federation and also on behalf of the Govern- 
ment. We are interested to see that the Sherifi’s 
views are in general accordance with those expressed 
in our article of September 8, 1922, on “‘ Industrial 
Negotiations and Agreements.” 

The pursuers, or plaintiffs, sued for the sum of 
51. 188. 4d., which, they said, was a balance of wages 
due to them. Their case was (1) that when they 
were engaged by the Fife Coal Company it was agreed 
between them and the under-manager that they 
were to be paid on the make-up system, 7.¢e., they 
were to be paid at a certain tonnage and yardage 
rate, but if the wages they earned were less than the 
county wage the company were to make up the 
difference ; and (2) that, in any event, in accordance 
with the terms of settlement a minimum wage was 
provided, and they had not been paid this minimum 
wage. The company denied that there had been any 
agreement that the men should be paid on the make- 
up system, and said that all that their under-manager 
had agreed to pay was a tonnage and yardage rate. 
On the second part of the case they said that the 
terms of settlement did not provide for any minimum 
wage, and even if the terms of settlememt were 
in any way relevant to the pursuers’ claim they 
could not be enforced in a court of law. The 
Sheriff, agreeing with the Sheriff Substitute, has 
sent the case for proof or trial in order to ascertain 
what bargain or agreement was made between the 
men and the company when the men were engaged ; 
but he has also agreed with the Sheriff Substitute 
in throwing out the case so far as it was based 
on the terms of settlement. 

In dealing with the pursuers’ alternative ground 
of action, viz., that the provisions of the terms of 
settlement were impliedly incorporated in the 
contract of employment of the two men, the Sheriff 
points out that if the pursuers succeed in establishing 
at the trial that they were engaged on the terms 
which they allege, they will get all they say they 
are entitled to under the terms of settlement. On 
the other hand, if they fail to prove their statements 
as to the terms on which they were expressly engaged, 
it will be on the ground that they accepted employ- 
ment at wages less than the settlement entitles 
them to; and they cannot claim more wages than 
they agreed to accept. He then points out, inci- 
dentally, that in his opinion the terms of settlement 
do not provide a minimum wage for each individual 
worker; and having done this he proceeds to 
consider whether, if they did contain such a pro- 
vision, the pursuers could get any benefit from it 
in their action. He says there is no principle on 
which he could hold that the terms of settlement, 
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and the Miners’ Federation, had been impliedly 
imported into the men’s contract of employment, 
and he points out that if the company prove their 
version of the terms on which the men were expressly 
engaged, these express terms would be contrary 
to the terms of settlement and would therefore 
exclude them. Further, he takes the view that 
the terms of settlement could not be enforced as an 
agreement in a court of law, on the ground that it is 
an agreement between one trade union and another. 
This view is founded on Section 4 of the Trade 
Union Act, 1871. That Act provided that trade 
unions should not for certain purposes be regarded as 
illegal; but Section 4 provided that nothing in the 
Act should enable any court to entertain any legal 
proceedings instituted with the object of directly 
enforcing any agreement made between one trade 
union and another. Sheriff Fleming takes the 
view that the pursuers, by founding on the terms 
of settlement, are attempting directly to enforce 
them in a court of law; and he says that that is 
prohibited by the Act of 1871. With the greatest 
respect to the learned judge, we think the use of the 
word “ prohibited” is scarcely accurate. It has 
been repeatedly laid down by the Supreme Courts 
that the Act does not actually prohibit the enforce- 
ment of such agreements in court. It provides 
merely that nothing in the Act is to entitle any court 
to entertain such actions. The question of their 
enforceability is therefore left to the common law, 
and if either or both of the trade unions concerned 
is an illegal society at common law, ¢.g., if its objects 
are in restraint of trade, the courts will not enforce 
the agreement. The main point, however, with 
which we are concerned is that the Sheriff has made 
it clear that if a man is engaged on certain express 
terms which happen to be less favourable than the 
terms arranged in a general industrial agreement 
between his trade union and his employer’s associa- 
tion or trade union, he cannot maintain that the 
agreement between the two associations or trade 
unions automatically become a part of the terms 
on which he was employed and overrode them 
in so far as they were unfavourable to him. Of 
course, as the Sheriff has pointed out, the case might 
have been different if the parties had expressly 
imported the terms of settlement into their contract. 
They would then have become a part of the contract, 
and not a mere agreement between two trade unions, 
and the court could have enforced them as part of 
the contract. 
It should be unnecessary to add that in discussing 
these legal questions as we have done, we are 
certainly far from suggesting that industrial agree- 
ments should not be loyally carried out both by 
employers and by employed. 











AIR TRANSPORT. 

At the moment there appears to be little to 
discuss in connection with air transport except how 
best to encourage the industry so that we may 
not be seriously handicapped in the event of war, 
Commercial aviation as an end in itself will doubtless 
come in due time, but for the present the need seems 
to be greater of using it mainly as a means of keeping 
us, as a nation, at least abreast of the times. Mr. 
Handley Page, in a paper on the subject, read before 
the Institute of Transport on Monday last, terms 
this the military aspect of the question, and we 
suppose this is at present the correct definition. 
The actual need for commercial aviation is still 
very restricted, though it will doubtless become 
more and more part of our lives as time goes on. 
In the early days of railways there were probably 
plenty of people who regarded the new form of 
locomotion as all very well, but not at all necessary 
to their existence. The same attitude can easily 
be remembered as having been adopted towards 
motor vehicles. But both systems of transport are 
now indispensable, and although this may not now 
be so as regards air transport, it is essential for us 
to keep well up with the art in order that we may be 
prepared for expansion when the time comes. 

The military aspect is now rather more urgent. 
We had command of the air in the latter stages of 
the late war, and the problem is how to ensure that 
all the good work then done shall not need re-doing 
before we can take up a similar position of superiority 
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in the future. This aspect has been discussed a great 
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deal in the last few years, but we seem to have 
arrived at only a partial solution. Mr. Handley Page 
did not contribute to it much that was new in his 
paper before the Institute of Transport. The case 
for subsidies has been frequently stated and we 
consider to be conclusively established, in view of the 
need of keeping the industry going. It may be 
allowable to point out that in new countries pioneer- 
ing railways are nearly always subsidised in one 
way or another. In Canada the opening up of the 
whole of the western provinces was made possible 
by concessions to tide railways over early fruitless 
years. In other Colonies where railways are State- 
owned the deficit is borne by the State and the 
railway subsidised to this extent. There is no 
reason why the same principle may not with justice 
be applied to aviation, which, though perhaps not 
immediately necessary to our development, must 
ultimately prove either in war or peace vitally 
important to our national preservation. 

The manner of the subsidy is the real crux at 
the moment. With the necessity for economy in 
every direction, expenditure on what resembles at 
first sight a luxury is naturally decried, while on the 
other hand, the lavish scale of support accorded 
to the industry across the Channel also arouses 
unfavourable criticism of our authorities in many 
quarters. Whatever the economic limit of the 
support we can at present allow to aviation, the 
general policy of this country would appear to have 
been justified since Mr. Page showed in his paper 
that, so far as they went, the British services were 
being operated on a much .higher standard than 
those of other nations. This at least is satisfactory, 
for, if we cannot have both quantity and quality, the 
best thing to lay stress.upon is undoubtedly high 
quality. 

As regards the future Mr. Handley Page suggests 
that there is room for improvement in the running 
costs of the services. It is clear that a very re- 
stricted service cannot be made to pay any more 
in aviation than in other forms of transport. Within 
reason a small service can be expanded without 
addition to general charges which bear more lightly 
on traffic volume. Again, if the paying load 
could be increased from about 5 lb. per horse-power 
to something more like 10 lb., the cost per ton-mile 
for full load would work out at about ls. 6d., 
instead of the present; figure of 3s. 6d. This, of 
course, would greatly influence the whole industry, 
though it may be too early yet to expect a great 
accession of traffic to follow a decrease in fares. 
The public need to be educated in the use of air 
transport, and this will take time. In the mean- 
while, provided the services are free from accidents, 
traffic, we believe, will develop steadily whether 
the present rates are materially lowered or not. 





THE VISCOSITY OF SLURRY IN THE 
CEMENT INDUSTRY. 

THE advantage to be gained by adopting any 

economical means of increasing the viscosity of raw 
material slurry in the Portland cement industry 
is sufficient to warrant serious consideration of the 
subject. At present, to obtain the degree of 
viscosity necessary to enable the slurry to be easily 
handled by pumping, a large quantity of water is 
mixed with the raw materials. This has ultimately 
to be got rid of, and any considerable reduction 
of the water required should as a consequence be 
reflected in a saving of fuel, if the kilns are really 
efficient. 
_ It has for some time been known in the ceramic 
industry that the viscosity of clay slips can be 
reduced by the addition of certain chemical sub- 
stances, and this fact has been applied in various 
ways. Using this information as a basis the British 
Portland Cement Research Association recently 
instituted an investigation with the object of 
ascertaining whether similar applications would 
prove advantageous in the case of raw material 
slurry. The results have now been published 
by the Association, whose address is 6, Lloyd’s- 
avenue, E.C. 3, in the form of a pamphlet which is 
well worth perusal by those concerned with the 
industry. 

The general results are that some chemicals reduce 
the viscosity of slurry, while others increase it ; others 
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again reduce it if added in small quantities only 
to increase it if added in larger proportions, or 
after a lapse of time. The effect is so clearly 
dependent upon the character of the slurry that it is 
not possible to formulate definite rules, and the 
practical side of the idea must be worked out for 
each grade of slurry employed. The report is 
sufficiently suggestive to arouse, we think, the 
interest of the works’ chemists and may lead to 
the elucidation of further points now still obscure. 
Translated into figures the possible effect of a 
4 per cent. reduction of water on an original amount 
of 40 per cent., with coal at 30s. per ton and the 
necessary chemical at 10/. per ton, would be some- 
thing of the order of 15s. 10d. per 100 tons of 
clinker. This, although not large, in these days 
of high costs, is appreciable, and worth securing. 
With the same base figures, but with only a 3 per 
cent. reduction the saving would possibly be no 
more than 2s. 5d., while with a 2 per cent. reduction 
the cost of the process would outweigh any advan- 
tage by more than 10s. per 100 tons of clinker. 
While the economy possible is thus worth con- 
sideration, the margin between a net saving and a 
loss is not large, and at least 4 per cent. reduction 
in the water would seem a figure to aim at with the 
particular cost figures given. These figures will 
vary, and it may be admitted at once that even 
4 per cent. does not always appear to be attainable 
in practice, so far as the investigation has been 
carried at present. On the other hand, there are 
indications that it can be exceeded with certain 
classes of raw materials. Figures of 4 per cent. and 
4-3 per cent. have been experimentally attained, 
and 4-6 per cent. for chalk slurry alone. 

In the experimental work the determinations 
were made on two methods. In one the viscosity 
of the chemically-treated slurry was compared with 
slurry to which an increasing proportion of water 
was added to produce the same viscosity. In the 
second method the slurry was allowed to settle, 
and varying amounts of the supernatant liquid were 
removed and the remainder treated with the 
chemical. This gave the reduced amount of liquid 
which, with the chemical, produced a viscosity 
figure equal to that of the original slurry. In the 
investigation both determinations were made and 
the mean taken. 

Of a number of substances sodium carbonate 
would appear to be the most promising chemical to 
use. Quantities as small as 0-075 per cent. (on 
the slurry) increase the viscosity so as to render a 
decrease of water possible. In what follows the 
viscosity figures relate to the actual viscometer 
employed, but the values are comparable. Generally 
speaking the viscosity of slurry tends to increase 
with keeping ; not, however, as a result of separation 
of water. The addition of 0-075 per cent. sodium 
carbonate, not only reduces the viscosity, but 
tends to prevent this thickening with time. In 
one case slurry showing a viscosity of 8-5 water 
units when fresh, gave a figure,of 29-8 when 30 
days old. The original slurry treated with sodium 
carbonate only showed 4-5 units when fresh, and 
actually 4 units after 30 days. The effect seems to 
be one mainly on the chalk, and the varying effect 
noticed appears to be traceable to the presence in 
the slurry of calcium and magnesium salts which 
are precipitated on the addition of sodium carbonate. 
If such salts are present in large quantities the 
sodium carbonate is removed from the solution 
and its beneficial effect on the slurry is thus 
prevented. 

Among other substances covered by the in- 
vestigation, the value of sodium silicate was 
examined. This did not improve conditions to 
the extent found with sodium carbonate, while 
the effect was first to increase the viscosity before 
effecting a reduction. Sodium hydrate, on the 
other hand, first reduced the viscosity, while further 
additions thickened the slurry considerably. Sodium 
sulphate effects a reduction, but not to the same 
extent as sodium carbonate, while sodium chloride 
was found to be without appreciable effect. Sodium 
resinate, in the form of a resin soap composed of 
resin, soda ash and common salt, failed to give any 
satisfactory result such as is recorded of its use 
in the ceramic industry. Barium compounds do 
not appear to offer any advantages, even when used 
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in conjunction with sodium carbonate. All these 
substances were tried, we understand, because 
their use in ceramics has been either actually applied, 
or at least claimed to be successful. The investi- 
gation also included trials on the effect of passing 
an electric current through slurry, but an increase 
in viscosity only was obtained. 

We believe the investigation is to be continued 
with a view to clearing up, if possible, many points 
still obscure, but, so far as it has proceeded, the 
work would appear to have arrived at definite 
results of some value, though from the data pre- 
sented it is obvious that each individual case must 
be the subject of examination by the chemical 
staff. 








THE PHYSICAT. AND OPTICAL 
SOCIETIES’ EXHIBITION. 

Tue thirteenth annual exhibition of electrical, 
optical and other physical apparatus, arranged by 
the Physical Society of London and the Optical 
Society, was held last Wednesday and Thursday, 
January 3 and 4, from 3 to 10 p.m., at the Imperial 
College of Science, South Kensington, The arrange- 
ments for this exhibition, one of the scientific events 
of the season, were again in the hands of Mr. F. E. 
Smith, F.R.S., senior secretary of the Physical 
Society. Among the 53 manufacturing firms 
represented, to which four booksellers are to be 
added, were some new names not generally seen on 
this occasion, whilst a few of the usual exhibitors 
weie absent. The exhibits were arranged in the 
various rooms of two floors of the building ; a few 
exhibits had found accommodation in the basement. 
The descriptive catalogue followed the alphabetical 
order of the names, a grouping which was certainly 
most convenient for the visitor; so far as possible 
cognate exhibits were placed together. Two very 
interesting experimental discourses were given on 
the first day and repeated on the second day ; 
the first was by Mr. W. Gamble, on “‘ Reproduction 
of Colour by Photographic Processes,” the second 
by Professor E. G. Coker, F.R.S., on ‘“‘ Recent 
Photo-Elastic Researches on Engineering Problems.”’ 
The attendances fully justified the holding of the 
exhibition. 

Two of the novelties of the Cambridge and Paul 
Instrument Company, which we notice in the first 
instance, can only be mentioned in the present 
article. They are the Galitzin seismograph and 
the Collins stress recorder, both of which we shall 
deal with next week. The Automatic Balance for 
Recording sedimentation is of the type of the balance 
which Professor Sven Odén, of Upsala, designed for 
geological and colloidal researches, and which was 
constructed with the aid of a grant from the Swedish 
Academy ; we have referred to this balance on other 
occasions. The modification of this instrument, 
now exhibited as the Odén-Keen balance, is due to Dr. 
Keen, of the Rothamsted agricultural station, and is 
made by the Cambridge Company. The instrument 
looks like a chemical balance, from the one pan of 
which is suspended a disc, 6 cm. (2-4 in.) in diameter ; 
this disc is lowered into the glass cylinder—which is 
wider than the disc—containing the suspension to 
be studied ; as the particles setile on the disc, the 
latter sinks. In the old instrument this sinking 
raised the other pan and caused a ball to drop out 
of it; a point was then recorded electrically, and 
the rate of sedimentation was thus registered. But 
the instrument did not give a continuous curve. 
To obtain this, the ball-dropping device has been 
replaced by a solenoid with plunger, and a con- 
tinuous curve is drawn by a kind of Callendar 
recorder. The instrument shown, which was made 
for Professor Odén, records sedimentation to a total 
weight of 5 grammes, and readings up to 0-001 
gramme can be estimated on the chart, which has a 
width of 125 mm. (5 in.). 

The Revolving Camera, also made by the firm, is 
based upon drawings supplied by the Bureau of 
Standards of Washington to the National Physical 
Laboratory, by permission of which the camera was 
shown. The camera records photographically, ¢.g., 
the surgings in current potential and intensity set 
up in a Duddell oscillograph when a heavy current 
oil switch is being operated. For testing three- 
phase phenomena three drums are required. The 
aluminium drum of the camera, 320 mm. in diameter, 
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rotates within an aluminium box fitted with a 


shutter and a cylindrical lens of 74 mm. aperture. 
The drum round which the film is wrapped is 150 mm. 
long and has a circumference of 1 m. (a little more 
than a yard); it is rotated by means of a pulley 
and is also traversed by means of a magnetic clutch. 
A time scale of 0-01 second is marked on the film ; 
the camera shutter is electrically in parallel to the 
clutch; the three drums have to be kept in syn- 
chronism. Various striking curves were exhibited. 

The Voltmeter of Mr. E. B. Moullin, M.A., of the 
Cambridge University Engineering Laboratory, has 
been designed for measuring potential differences 
of only a few volts at high frequency. The difficulty 
of all such measurements is that the introduction 
of the measuring device, mostly a hot wire or a 
dynamometer, alters the characteristics of the low- 
volt circuits, even of direct currents. At high 
frequency the impedance of the dynamometer 
windings becomes prohibitive, and the capacity 
of an electrostatic instrument would be comparable 
to that of the high-frequency circuit itself. Mr. 
Moullin’s instrument is a combination of a triode 
valve with a moving-coil direct-current galvano- 
meter ; the capacity of the combination is negligible, 
and there is practically no absorption of power ; 
the readings are unaffected by the frequency of the 
applied potential. The valve serves as a current- 
rectifier in its own peculiar way and may be utilised 
by different methods. Mr. Moullin first used the 
“* slide-back ”’ method, connecting the valve with an 
anode battery and a potentiometer. When no 
electromotive force is applied, the grid is made 
more and more negative until the galvanometer 
in the anode circuit is brought to zero.: When the 
potential is now applied, current will flow, because 
the positive-half cycle current—a few microwatts 
on a 7-volt circuit in this case—exceeds the nega- 
tive half. By making the grid more negative, 
we can reduce the positive current to zero again ; 
but the “ slide-back ” may have exceeded its proper 
value, and the measurements may be misleading. 
Mr. Moullin hence adopted the two methods illus- 
trated in Figs. 1 and 2 annexed. 

In the triode, rectification can be obtained with 
the aid of the curvature of either the anode-grid/ 
current-potential characteristic (method A, Fig. 1) 
or of the grid-current/grid-potential characteristic 
(method B, Fig. 2). In the A voltmeter the valve, 
galvanometer and auxiliary apparatus are mounted 
in a small case, and it is only necessary to connect 
a 6-volt battery to the filament terminals and to 
apply the potential to be measured at the terminals 
shown. The scale of the sensitive unipivot-galvano- 
meter G is marked in volts, the standard range being 
0 volt to 1-6 volts; readings can be taken to 0-02 
volt. This type A cannot measure alternating 
potentials superposed on steady potentials, nor can 
it be used when the apparatus joined in does not 
form part of a closed conducting circuit. In such 
cases type B is used. In this, as will be seen in Fig. 2, 
an anode battery of about 70 volts is added to the 
parts wanted in case A. The scale ranges up to 
10 volts, and readings can be taken within half a volt. 
Both arrangements are suitable for measuring low- 
and high-frequency volts and also small inductances, 
the current amplification produced by triode ampli- 
fiers and the strength of signals; type B is further 
suitable for the determination of the power-factor 
of condensers and aerials. With an inductance of 
10,000 microhenrys and a frequency of 10° periods 
per second, a current of about 160 microamperes 
will produce 1 volt across the terminals. 

The triode valve is now widely used as a source 
of alternating currents of small intensity for testing 
and measuring purposes, because it gives currents 
of constant amplitude and frequency, while admitting 
of variations of the frequency through wide ranges. 

The Valve Generator exhibited by the Cambridge 
and Paul Instrument Company is intended to supply 
the currents for bridge, inductance and capacity- 
testing. At the exhibition demonstrations by the 
Moullin voltmeter were used for measuring the 
currents of some of these valve generators. The 
latter are made with two sets of windings, one for fre- 
quencies of 300 maximum (a vibration galvanometer 
is used in this case), and the other for higher fre- 
quencies, The instrument is encased in a small 
box, into which, when low frequencies are to be 





measured, a cylindrical iron core, made up of 
vertical laminated sheets, is lowered. 

Two kinds of Electrically - maintained Tuning 
Forks were exhibited by the firm. The first is due 
to Professor W. H. Eccles and Mr. F. W. Jordan; 
its principle was explained by Dr. Eccles in his 
lectures on the “Thermionic Tube” which we 
noticed on pages 724 and 725 of our issue of May 28, 
1920, and to which we may refer our readers with 
respect to the valve characteristics. The instrument 
is to generate currents suitable for measuring the 
magnifying power of valve amplifiers—800 cycles 
were used in the demonstration. The fork is 
mounted with its prongs between the polarised 
windings on laminated cores which are carried on 
two electromagnets, the one coil being connected 
to the grid, the other to the valve anode. The 
variation of the grid potential gives rise to variations 
in the anode current of the same frequency. When 
this current is of correct phase relation with the 
motion of the prong of the fork, it provides a vibro- 
motive force in traversing the anode windings. 
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A transformer separates the generated alternating 
potential from the direct potential. The instrument 
runs steadily all day long, and may be restarted 
at the same rate on another day, provided the 
temperature has not changed meanwhile. To 
start it, the current from two cells has merely to be 
switched on. The instrument may be likened to an 
electric bell, the contact of which is replaced by a 
valve. 

The second instrument, the reed hummer of 
Mr. S. A. Pollock, is intended to produce oscilla- 
tions of audio-frequency. The device, which has 
been adopted by the Post Office for telephonic 
measurements by bridges, will also run for hours 
without attention ; it is simple and does not require 
a valve. A permanent magnet is so mounted, 
together with a steel reed, on a heavy brass base, 
that the reed forms the magnet armature; coils 
are wound on the pole tips, and a microphone button 
is attached to the reed. The circuit is tuned with 
the aid of a transformer and two condensers, inside 
the instrument case. When the reed vibrates, 
the disturbance set up in the microphone produces 
a varying current in the magnet coils which reacts 
on the reed and maintains its rate of vibration. 
When the instrument terminals are connected with 
a screened transformer, which forms a separate 
unit, an output circuit is obtained which, joined 
to a bridge, prevents out-of-balance capacity effects 
at the salient points of the bridge. Similar instru- 
ments were exhibited by various other firms, and 
we have therefore given a somewhat full explanation. 

The other exhibits by the Cambridge and Paul 
Company have already been noticed in ENGINEERING. 
The Cambridge (Collins) micro-indicator was shown 


at work on an engine, and we may mention that 
some of the somewhat rough indicator diagrams 
which we illustrated in our issue of June 9 last, page 
716, were taken with the early models of the instru- 
ment. Any peculiarities of the diagrams produced 
are not due to the vibrations ,of the little celluleid 
disc or to other imperfections of the instrument as 
actually put on the market. 


(To be continued.) 





NOTES. 
A Snorr Recorp or 130 Yzars. 

The archaeologist of to-day draws his conclusions 
as to former civilisations from the ruins of ancient 
cities or from the tombs of forgotten kings. When 
our own civilisation is the subject of investigation 
by the archaeologists of the future they will have 
the advantage of such newspapers as may have been 
preserved, and with their assistance will no doubt 
produce some wonderful accounts of how mankind 
lived during the present era. Should they alight 
on a copy of the handsome souvenir recently pub- 
lished by our esteemed contemporary The Observer. 
to mark the completion of 130 years of vigorous life, 
they will find a most interesting summary of the 
political events of the period, but will certainly 
wonder at the prominence given to such matters 
to the exclusion of all reference to scientific and 
industrial progress. When The Observer first sur- 
veyed the world, in 1791, James Watt was busy 
making the condensing steam engine a practical 
machine, neither the steamship nor the locomotive 
existed and neither transportation nor industry 
as we known them to-day were even conceivable. 
The period covered by the review, saw the invention 
of the electric telegraph, the submarine cable, the 
Bessemer process, the electric light, the motor car, 
the aeroplane, wireless telegraphy and telephony, 
the X-rays, the production of synthetic chemicals, 
the discovery of bacteriological action and hosts of 
other inventions which will occur to the mind. 
It is these which have fashioned the civilisation of 
to-day or, rather, which have made it possible to 
exist at all, and not the transactions of lawyers 
and politicians. We fully appreciate the doings 
of the latter and the skill with which our con- 
temporary has presented a summary of the events 
in which they figured, but to omit all reference 
whatever to the inventions which enable The 
Observer to gather its news from the ends of the 
earth, print it, and to distribute it to every hamlet 
in the land on Sunday morning is surely a fault 
in a “ short record of one hundred and thirty years.” 


Sctentiric Novetties Exuisitron. 

The colleges and schools of the London University 
have joined with the Polytechnics, the Royal Micro- 
scopic Society, the Photomicrographic Society and 
the Queckett Club in the promotion of an exhibition 
of scientific novelties for the benefit of the Hospitals 
of London Combined Appeal Fund. The exhibition is 
being held in King’s College, Strand, and was opened 
by the Right Honourable Viscount Burnham on 
Thursday, December 28. It will remain open every 
afternoon and evening until January 10. The main 
part of the show is divided up into sections devoted 
to wireless, engineering, physics, chemistry, biology 
and geology, but the Egyptian exhibits of Professor 
Flinders Petrie and the demonstrations of psycho- 
logical and physiological tests also attract a con- 
siderable amount of attention. Whatever can be 
used to demonstrate in an unusually impressive 
manner many of the physical and chemical actions 
with which we are familiar, is here available, and a 
very interesting time may be spent by any visitor. 
On the engineering side, Mr. W. C. Clinton and 
Dr. Moule, of the University College, give demon- 
strations of rotating and repulsion actions in 
alternating magnetic fields and metals boiling in the 
electric arc, and Professor E. Wilson, of King’s 
College, performs experiments with high-tension 
discharges and has organised a display of electric 
arc, resistance and spot welding and of automatic 
telephony. The East London College, Northampton 
Institute and Regent-street Polytechnic have sent 
exhibits to show the many types of electric lamps, 
their history and development. Singing flames, 
travelling air bubbles in liquids, rectifiers, the 





examination of water jets by means of a stroboscope, 
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the paths of a rays and the historic apparatus in 
the museums and some of the laboratories—are all 
shown and command attention. A display of 
wireless apparatus in use broadcasting is very 
popular. Many interesting lectures, three or four 
of which are given each day while the exhibition 
is open, provide an added interest to what we hope 
will prove a very successful effort to assist a 
deserving cause. 


Tue Report OF THE ELECTRICITY 
COMMISSIONERS. 

We trust that it is not too much to hope that in 
time to come the annual reports of the Electricity 
Commissioners will present year by year a com- 
prehensive review of the electricity supply industry 
in Great Britain with such technical and financial 
statistics as will enable the position and progress 
of the industry to be readily understood. At present 
they are far from such an ideal, being concerned 
rather with what the Commissioners are doing in 
their endeavour to retrieve the industry from the 
unsatisfactory conditions which had grown up as a 
result of previous unwise legislation. The second 
annual report which has just been issued deals 
with the work of the twelve months ending March 31, 
1922. It contains little of technical interest, but 
we note that there are in Great Britain (exclusive 
of Ireland) 531 authorised electricity undertakings, 
a complete list of which, together with particulars 
of area served, maximum prices, &c., is being 
prepared for separate publication. During the year 
the Commissioners received returns from 433 
generating stations belonging to authorised under- 
takers and from 103 stations owned by tramway 
or railway authorities or non-statutory under- 
takings. Of these 536 stations, no fewer than 232 
generated less than 1,000,000 kw.h. during the year. 
Assuming a load-factor of 20 per cent., this means 
that nearly half the power stations in the country 
only carry a maximum load of less than 6,000 kw. 
during a year. The aggregate amount of electricity 
generated by the 536 stations was 4,884,666,038 
kw.h. for a total consumption of 6,475,531 tons of 
coal and coke and 145,541 tons of oil. A small 
proportion of the current was generated by water 
power, but particulars of this are not given. An 
appendix to the report gives the conclusions of the 
Commissioners with regard to the following districts : 
(a) Mersey and West Lancashire, (6) North Wales 
and Chester, (c) West Riding, Aire and Calder, 
(d) London and Home Counties, (e) South-West 
Midlands, and (f) South-East Lancashire. In the 
case of the London District the Commissioners give 
a reasoned statement of their decisions, but the 
tardiness in the publication of the report robs these 
and other matters of much of their novelty. The 
report is issued from H.M. Stationery Office at the 
price of 2s. 6d. net. 


DANGERS IN THE USE oF ACETYLENE. 

Like many other things with which the engineer 
has to deal, acetylene gas is a good servant but a 
bad master. Its services are indeed invaluable for 
many classes of work, such as the welding and cutting 
of metals, and with the rapid extension of its 
employment there has naturally been a consider- 
able increase in the number of accidents arising 
either from defective plant or from carelessness or 
inadvertence on the part of the operator. These 
usually take the form of explosions, and in order to 
minimise the destruction of life and property which 
such accidents cause, the Factory Department of 
the Home Office have issued a small pamphlet 
dealing with the subject. This is entitled ‘‘ Memo- 
randum on Dangers from the Use of Acetylene Gas 
and in Oxy-Acetylene Welding in Factories,” and is 
published by H.M. Stationery Office at the price of 
one penny. Like other publications from the same 
department, it is of a practical nature and might 
well be placed in the hands of all who operate 
acetylene apparatus. Although the precautions to 
be taken in order to avoid explosions are mostly 
covered by the application of common sense, this is a 
characteristic which is often wanting, and con- 
tinual vigilance is required to ensure that rules and 
regulations are adhered to. Familiarity breeds con- 
tempt even in those who appreciate the possible 
dangers of explosive gas, and the ordinary work- 
man can hardly be expected to understand that 


acetylene will form a detonating compound with 
copper, or that the gas alone is liable to explode 
if compressed to a very moderate pressure. The 
great preventive of explosions, however, consists 
in the most ample ventilation and in care as 
regards sparks and naked lights. Acetylene present 
to the extent of only 5 per cent. forms an explosive 
mixture with air, and ignition takes place spon- 
taneously if the temperature exceeds 480 deg. C. 
Many accidents are caused by the stoppage of the 
blowpipe nozzle by a bead of metal, in the case 
of low-pressure plants. This has the effect of 
causing the oxygen, which is under greater pressure 
than the acetylene, to flow into the acetylene supply 
pipe, forming an explosive mixture which becomes 
ignited at the jet and results in a “ back-fire.” To 
prevent such explosions from reaching the generator, 
hydraulic valves should be interposed, and these 
should be inspected every morning to see that they 
are properly charged with water. The memoranda 
also alludes to the danger of oil or fatty matter 
being used to lubricate valves and fittings where 
it can come into contact with compressed oxygen. 
Altogether the brochure serves as a useful reminder 
to those who know, and as a valuable instructor 
to those who don’t. 
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Brassey’s Naval and Shipping Annual, 1923. Edited 
by Sir ALEXANDER RicHaRpson, M.P., and ARCHIBALD 

Hurp. London: William Clowes and Sons, Limited. 

[Price 25s. net.] 

Maritm™e affairs in the year which has just ended 
have afforded plenty of material for consideration 
and comment. In naval affairs, the proceedings at 
the Washington Conference, and in mercantile 
matters, the unprecedented slumps in freights and 
shipbuilding, have in themselves furnished texts 
for many essays, and it is no surprise to find the 
present issue of “ Brassey’s Naval and Shipping 
Annual” of unusual interest and importance. As 
one has come to expect in connection with this 
publication, a striking and authoritative list of 
contributors has been got together, and to mention 
but one or two examples, great interest is likely 
to be taken in Admiral Sturdee’s chapter on the 
‘** Naval Aspects of the Washington Conference,” 
and Sir George Thurston’s on ‘“‘ The Influence of 
the Washington Conference on Naval Design,” 
in the Naval Section, and in those on “‘ The World’s 
Mercantile Marine,” by Sir Westcott Abell, and 
“* Shipowners and Shipbuilders,” by Lord Inchcape, 
in the Merchant Shipping Section. 

The first chapter of the volume, by Commander 
C. N. Robinson, is devoted to the annual survey 
of the British Navy which this author has contri- 
buted over many years. Necessarily some reference 
is made to the Washington Conference and its 
effects, but the main purpose of the chapter is to 
review the various activities of the British Navy 
over the year, and to record the changes which have 
taken place. The various Admiralty and fleet 
changes are dealt with, and an account is given of 
such new construction as has been carried out, the 
new arrangements in connection with oil-fuel 
stations, dockyard reductions, &c. This is the 
chapter of the Annual in which the matter of naval 
personnel is dealt with, and a full account of the 
effect of naval reductions on both officers and men is 
given, together with information about training 
courses, promotion, &c. ‘‘ Foreign Navies” are 
dealt with in the same way, but necessarily in some- 
what less detail, by Mr. John Leyland, in the second 
chapter. It is not possible to review the contents 
of this chapter in the space at our disposal, but it 
is interesting and not very satisfactory to note, from 
Mr. Leyland’s section dealing with Brazil, that the 
navy of that country appears to have passed under 
the tutelage of the United States. 

The third chapter of the book, contributed by 
the editors, takes the form of an analysis by means 
of tables of comparative naval strengths throughout 
the world, and is followed by Admiral Sturdee’s 
chapter to which we have already referred. Admiral 
Sturdee accepts the results of the Washington 
Conference as “ an important advance in the cause 
of peace.” In the next chapter, however, Sir George 
Thurston, who naturally deals with the matter 





from the point of view of the naval architect, adopts 
a somewhat more critical attitude and considers 
that there is a large element of truth in the statement 
that the result of the Conference “ signifies definite 
abandonment of the Two-Power standard, and the 
consequent loss of British supremacy at sea.” 
Sir George points out the serious hindrance to 
development which is involved in the limitation of 
battleship displacement to 35,000 tons, and, con- 
sidering the questions of battleship design which 
the new conditions introduce, works out three 
proposals for ships to come within the Conference 
limits to meet different specifications of service. 
These designs, which are illustrated by drawings 
by Mr. Percy F. 8. Spence, are of great interest. 

The next chapter is formed by an important 
article on “ The French Navy in the War and after 
the War,” from the pen of Capitaine A. Delpierre. 
In the course of this chapter a careful account and 
explanation of the Castex incident is given, and it 
is shown that Lord Lee’s famous quotation was 
given a wrong meaning from the omission of the 
context. A general analysis of French naval 
opinion is given and an explanation of its leaning 
towards the submarine. Capitaine Delpierre shares 
Sir George Thurston’s dissatisfaction with the 
tonnage limit of the Washington Conference, and 
states that French opinion is that the 35,000 ton 
limit “does not allow of a satisfactory solution 
of the protection problem.” Other contributions in 
this section include a chapter on “ Cruisers and 
Naval Warfare,” by Rear-Admiral W. H. D’Oyly, 
one on “‘ Sea Power and Air Power,” by Commander 
C. Dennis Burney, and another on “ The Material 
Resources of Naval Defence,” by the editors, 
“The Strategic Problem of the Pacific,’ by Mr. 
Archibald Colbeck, and “ The Principles of Imperial 
Naval Defence,” by Commander H. Rundle. There 
is also a very interesting account of “‘ The Royal 
Corps of Naval Constructors,” by Sir Eustace 
d’Eyncourt. In their article on “The Material 
Resources of Naval Defence,” the editors describe 
the complexity of the plant and organisation 
necessary for the building and upkeep of a navy 
such as ours, and touch on the difficult problem 
which is presented to those who control such plants 
and organisations, by the long period of insufficient 
employment which must result from the Washington 
agreement. 

The Merchant Shipping Section opens with one of 
Sir Westcott Abell’s authoritative articles dealing 
with the ‘‘ World’s Mercantile Marine.” This forms 
an acute analysis of the causes of the present shipping 
depression, and leads up to the opinion that “ in all 
probability, about 3,000,000 tons of war-built 
vessels, a million or more tons of normally obsolete 
ships, and a million tons which have become obsolete 
owing to recent developments, will have to be 
disposed of before the world’s fleet approximates 
to the pre-war standard of efficiency.” Sir Westcott 
has more than once expressed the view and demon- 
strated that one of the main causes of the shipping 
depression is to be found in the excess of ships 
above requirements. In the chapter with which 
we are concerned he goes to the extent of saying 
that ‘“‘ the cold light of history will ultimately reveal 
America’s war-time shipbuilding, stripped of its 
cloak of sentiment, as a force almost as unsettling 
in its effects upon world mercantile conditions as 
Germany’s intense and barbarous submarine cam- 
paign of destruction.” Sir Westcott’s article is 
followed by one which enlarges on a branch of his 
subject. This is on “The Freight Depression,” 
by Mr. R. W. Johnson. The information it contains 
is likely to surprise those who are not connected 
with merchant shipping. 

Succeeding chapters are “ Shipowners and Ship- 
builders,” by Lord Inchcape, which contains a 
valuable analysis of ship types. This is of great 
interest as coming from such an eminent shipowner. 
It is followed by a chapter on “‘ Marine Machinery 
in 1922,” by Mr. James Richardson, who this year 
devotes a considerable proportion of his space to 
the marine gear problem. He does not, however, 
neglect the Diesel engine, which is everyday becom- 
ing of more importance in the merchant shipping 
world. The contribution on ‘‘ Economic aspects 
of the Modern Cargo Steamer,” by Mr. John Ander- 





son, carries on Lord Inchcape’s subject, and to some 
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extent also does that by Mr. F. A. Hook, on “ The 
Economics of Travel by Sea.” These three articles 
form an interesting discussion of a subject little 
understood by the layman. The section also 
includes “ British Shipping on the Danube,” by 
Sir Frederick Lewis, ‘‘ Safety of Life at Sea,” by 
Sir Alan Anderson, “ Pilotage and Pilots, by 
Captain Harry Davis, and other interesting contri- 
butions by specialists in the particular branch of 
the shipping industry with which they deal. 

The appendices have this year been considerably 
extended by the inclusion of a striking section which 
gives profiles of the principal men-of-war of all 
classes in the world’s fleets and of representative 
merchant vessels. This section covers 44 pages 
and gives some 360 profiles illustrating about 
650 vessels in all. The figures have been prepared 
under the direction of Mr. Arthur J. W. Burgess, 
R.L, who acts as art editor for the volume. 
These profiles will be of great value in enabling 
ships to be identified at a distance, and should be 
of interest to those who travel by sea as well as 
others. In addition to the large amount of statistical 
and other information on the world’s navies which 
has long been an important feature of “ Brassey,” 
and the more or less corresponding information 
dealing with the world’s merchant fleets, which has 
been added in recent years, the present volume 
also contains a reprint of the Washington Treaty 
which will be of value for purposes of reference. 
The merchant shipping appendix includes lists of 
technical societies concerned with marine matters, 
naval and shipping organisations, British and 
foreign shipowners and shipbuilders, steamship 
services, &c. No trouble appears to have been 
shirked which was likely to add to the value of the 
volume, and this thirty-fourth issue of the Annual 
certainly in every way maintains and carries on the 
high reputation which the work has established. 





American Fuels. By Raymonp Foss Bacon and 
Witu1AM ALLEN Hamor, of the Mellon Institute of 
Industrial Research of the University of Pittsburgh, 
New York: McGraw-Hill Book Company, Inc., 1922. 
Two Vols. [Price 37. net.] 

Tue aim of the compilers of these two volumes, in 
which they have received the collaboration of a 
number of American fuel authorities, is not so much 
to cover the same ground as other works on fuels, 
which are already available, but to condense the 
experience of various specialists within separate 
chapters. The two gentlemen whose names appear 
under the title, separated from it by the word “ by,” 
might be taken to be the authors of the whole work, 
despite the addendum, “ with the collaboration of 
specialists.” When they refer to themselves as 
editors in the preface, they have not cleared up 
their position in regard to the book, for they only 
accept that position with the reservation that 
“they are not responsible for opinions expressed 
by their collaborators.”” The only matter from their 
pen in the first volume is the preface, and of the total 
twenty-six chapters in the two volumes, only one is 
contributed by them in partnership; but there is 
another article from the pen of Mr. Hamor. Author- 
ship, or even editorship, of books under these 
interesting conditions seems to possess many obvious 
advantages. The bringing together of papers on 
the various fuel questions is, however, quite com- 
mendable, and such a book must have a wide circle 
of readers among those who look for authoritative 
statements on the present-day position of the 
various fuel developments. All the chapters are 
written with the outlook that it is the engineer and 
industrialist that is catered for, and not the chemist. 

Although limited to American activities, the work 
is none the less interesting to the workers in this 
field in our own country. Within such a large field 
as that of North America, extensive areas bearing 
every type of fuel in the wood-coal series are to be 
found. This covers more than we have in Britain, 
for some of the series are only found here in small 
quantities, although they are available on a very 
large scale in the Dominions. In liquid fuel America 
is, of course, very rich. With her resources much 
more varied than ours, but covering most of the 
types of fuel we are familiar with, American practice 
is useful study to the British engineer. 

The first volume opens with a chapter on the 
coals of the United States, by Marius R. Campbell, 
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which is followed by one by Arthur D. Pratt on the 
Principles of Combustion. After thus disposing of 
the essential and fundamental characteristics of the 
fuels and their burning, the other chapters are 
devoted to technical uses, such as coke production, 
briquetting, gasification, utilisation of by-products, 
distillation of coal at low temperatures, pulverised 
coal, wood as fuel, fuel oil, natural gas, blast-furnace 
gases, surface combustion, and colloidal fuel. The 
progress made in America in treating solid coal for 
the production of all the derivatives obtainable 
from the fuel, and the utilisation of the solid residue 
and gaseous fuel for domestic and industrial pur- 
poses, is indicated throughout the work. The 
resolve of all the fuel authorities of the world to 
obtain heat efficiently and only after the substances 
available for chemical and other industries have been 
distilled off, will ultimately produce improved living 
conditions in our cities. With the progress now 
being made it may not be very long before it will 
be regarded as a criminal offence to burn untreated 
coal within city areas. 

Colloidal fuel, or the combination of pulverised 
carbonaceous matter with a liquid hydrocarbon, to 
form a stable atomisable fuel, is perhaps the latest 
of the many ventures to reduce waste. There are 
economic and operative advantages to be obtained 
with a fuel of this character over solid fuel. The 
division line between the actual molecular solution 
and mechanical suspension is, of course, arbitrary, 
but colloids can be passed through filter paper with- 
out any appreciable loss of particles, whereas 
suspended bodies in a mere mixture would be re- 
tained. Pulverised coal has many useful properties 
in steam-raising practice, but its use on board ship 
has the disadvantage of the great bulk, compared 
with that of the amount of oil required to produce 
the same number of heat units. In the field of study 
of colloidal fuels we owe much to Lindon Bates and 
his associates in America. Semi-bituminous and 
lignite coals are the most suitable for the production 
of colloids. In the chapter on this subject some of 
the results of the American tests on U.S.S. Gem 
are given, and show the measure of success attained. 

In such a case as this, with the twenty-six different 
articles, review is somewhat difficult, but we can 
say that the compilers have shown great dis- 
crimination in selecting their authors, and the work 
is to be commended to all who are interested in any 
of the new investigations into fuel, for here they will 
find the story of the American side of the work, 
and, generally speaking, find it well told. 
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THe InstirvTtion oF MeEcHaANIcAL ENGINEERS.— 
A symposium of papers on “ Indicators * is to form the 
subject of the meeting of this Institution on Friday, 
the 19th inst., at 6 p.m., at the Institution Building, 
Storey’s Gate, Westminster. Four papers are to be 
read, as follows: ‘The Problem of the Engine Indi- 
cator,”” by Mr. L. Pendred; “A New Form of Optical 
Indicator,’ by Professor Burstall; ‘‘ A Micro-Indicator 
for High-Speed Engines,” by Mr. W. G. Collins; and 
“R.A.F. Electrical Indicator for High-Speed Internal- 
Combustion Engines and Gauge for Maximum Pressures,” 
by Mr. H. Wood, R.A.F. 

New Year Honovurs.—While the announcements of 
New Year honours conferred by His Majesty do not 
include the political list, being confined chiefly to those 
who have performed ‘service 2ither at home or in the 
Dominions, it will be seen from the names appended 
that several important engineers have participated. 
Knighthoods are to be conferred upon Mr. Edward 
Manville, J.P., M.Inst.E.E., M.P., for serviees to the 
Board of Trade ; upon Colonel Charles Morgan, C.B.E., 
Member of the Disposals Board; and upon Colonel 
William Waghorn, C.B., C.M.G., of the Royal Engineers, 
and President of the Indian Railway Board. Engineer 
Rear-Admiral Wm. C. Sanders, D.S.O., has been 
appointed a C.B. in the Military Division, while Mr. J. H. 
Narheth, C.B.E., M.V.O., Assistant-Director of Naval 
Construction, Admiralty, has received a C.B. in the 
Civil Division. In the Colonial List appears the name 
of Mr. C. L. N. Felling, General Manager of the Uganda 
Railway, who, for his services as Chief Assistant to the 
General Manager of Railways and Harbours, Union of 
South Africa, will receive the C.M.G. Among the British 
Empire Orders, a C.B.E. will be conferred upon Mr. 
W. G. J. Hill, Assistant Superintendent, Staff, Railways 
and Harbours, Union of South Africa. Mr. E. A. Harris, 
Superintendent, Mechanical Transport, Ministry of Com- 
munications and Works, Iraq, will receive a Member- 
ship of the same Order. Upon Mr. Arnold A. Mustof 
who occupies the position of Executive Engineer, P.W.D., 
Bombay, will be conferred a C.I.E. The same honour is 
to be bestowed upon Mr. Naoroji Bapooji Saklatwala, 
of Messrs. Tata and Sons, Limited, of Bombay. Among 
the Naval Awards, Engineer-Captain George W. Baldwin. 
R.N., will receive the C.B.E., as will also (in the Civil 
Division) Mr. Frank E. Smith, Director of Scientific 
Research, Admiralty. 
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AUTOMATIC VOLTAGE REGULATOR FOR 
DIRECT CURRENT GENERATORS. 

An ingenious and simple voltage regulator suitable 
for use in connection with small direct-current electric 
generators—up to a capacity of 50 kw.—is illustrated 
in the accompanying figures. The device, which is 
being manufactured by Messrs. Isenthal and Co., 
Limited, of Denzil Works, Willesden, N.W. 10, is likely 
to be particularly useful for application to dynamos 
driven by petrol engines, the speed of which is subject 
to considerable fluctuations. Small machines supplying 
circuits containing motors may in many cases also 
profitably be fitted, as in such cases the voltage is 
liable to fall considerably when a motor is being started- 
up. The regulator also permits of the driving of 
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dynamos by engines fitted with only primitive governors 
which would rormally be unsuitable for electricity 
supply. 

The appliance utilises the principle of intermittent 
contact which is used in the Tirrill regulator. There 
is a pair of vibrating contacts which periodically short- 
circuit and open the field resistance of the dynamo, 
while a solenoid, which operates in response to the dy- 
namo voltage, determines the relative positions of these 
contacts and consequently the period of short-circuit. 
This introduces a short-circuit time factor as a 
function of the supplied voltage and results in such 
regulation of the field that that voltage is kept constant. 
The arrangement is mechanically and electrically a 
simple one, and will be followed from the figures. 
The various items concerned are shown in a diagram- 
matic way in Fig. 1. The vibrating contacts which are 
connected across the field resistance are carried by 
flat steel springs. The spring of the lower contact 
rests on an eccentric which is keyed to the dynamo 
shaft, so that as the dynamo rotates the contact is 
rapidly vibrated and constantly makes and breaks 
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connection with the upper contact. This upper con- 
tact is attached to the plunger of a solenoid, the winding 
of which is connected across the machine, so that the 
position of the plunger and consequently of the upper 
contact varies according to voltage. Alteration in 
position of the contact alters the period of short-circuit. 
A helical spring is fixed above the plunger which 
enables the appliance to be adjusted and a condenser is 
connected. across the short-circuiting contacts to 
prevent sparking. 

The general appearance of the regulator is well 
shown in Fig. 2. It is mounted in a cast-iron casing 
which is carried either from the machine frame, or on 
a cast-iron pedestal. It is mounted at the end of the 
machine shaft in order to get the necessary eccentric 
drive in a simple way, but a more indirect drive could 
no doubt be worked out if in any particular case 
this proved necessary. A double-throw switch is 
mounted on the regulator case, which enables the 
polarity of the vibrating contacts to be reversed. This 
considerably prolongs their life. The apparatus is 
suitable for use on machines up to a voltage of 500 
and up to a maximum field current of 5 amperes. It 
may finally be noted that the regulator automatically 
controls the voltage of the dynamo during starting 
and will bring it to the normal working condition 
without the field rheostat being touched. 








THE LATE SIR JOHN GAVEY, C.B. 

Wir the death of Sir John Gavey, which occurred 
on Monday last, there passed away a man whose life’s 
work was identified almost entirely with the develop- 
ment of telegraphy and telephony in this country. 
Long before the Government acquired the monopoly 
of the telegraphs, Mr. Gavey, as he then was, was 
working to extend and improve this means of com- 
munication, and when the transfer was effected he 


to the highest technical position at the disposal of the 
Post Office. He was born at St. Helier’s, in Jersey, 
on August 11, 1842, his father being Mr. John Gavey, 
a captain in the merchant service. His education 
was carried out at Victoria College, in the island of 
his birth, and then as a young man of eighteen he entered 
the service of the Electric and International Company 
on February 23, 1861, under Mr. (later Sir) William 
Preece. He soon showed evidence of ability, and by 
1865 was acting as engineer-inspector of telegraphs in 
the south of England. 

Sir John Gavey‘s career with the General Post 
Office commenced, as we have indicated above, in the 
year 1870, when the Government took over the tele- 
graphs of the country. His first appointment in the 
Civil Service was on January 29 in that year, when 
he was given the position of Superintendent of Tele- 
graphs in the South-Eastern Sub-Division. Two years 
later he was given a similar appointment in the Great 
Western Sub-Division, and on April 1, 1878, he was 
placed in independent charge of the South Wales 
District as Superintending Engineer. This position 
he filled until November 24, 1892, when he was trans- 
ferred to the General Post Office headquarters as 
principal technical officer. In August, 1897, he was 
promoted to be Second Assistant Engineer-in-Chief, 
in February, 1899, a further promotion raised him 
to Assistant Engineer-in-Chief and Electrician, and 
on April 1, 1902, he attained the culminating position 
of Engineer-in-Chief and Electrician to the General 
Post Office. This he held until his retirement in 
April, 1907. In recognition of his services he was 
created a Commander of the Bath in 1902 and a knight- 
hood was conferred upon him upon his retirement. 

It is difficult to associate Sir John Gavey with any 
particular feature of telegraphic or telephonic work 
without incurring the risk of minimising his services 
in other directions. He was one of the early investi- 
gators of the problems involved in the use of automatic 
methods to increase the speed of working telegraph 
lines, and he also originated many improvements in 
underground cables with the same object in view. 
As early as 1894 he was taking an active interest in 
wireless methods of transmission, and in that year 
he succeeded in establishing communication between 
the opposite sides of Loch Ness by means of induction 
between two parallel wires stretched along the banks. 
The development of the telephone service also occupied 
much of his consideration, and in 1881 he opened the 
first telephone trunk line connecting two British towns, 
namely Newport and Cardiff. He was subsequently 
engaged in the task of valuing the telephone trunk lines 
which were purchased from the National Telephone 
Company by the Government, and later he was 
responsible for the organisation of a complete telephone 
trunk system for Great Britain. Another very 
important work carried out under his direction was the 
organisation of the Post Office telephone exchange 
system of London, the magnitude of the population 
to be served rendering the task one of a very special 
nature. 

Sir John Gavey was one of the very early members 
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of the Institution of Electrical Engineers, for he joined 


as an associate in 1872, the year after the body was 
founded, and when it was known as the Society of 
Telegraph Engineers. He appears to have been an 
active member, for in 1874 he read a paper on “‘ Earth- 
boring for Telegraph Poles,’’ before the society, the 
late Lord Kelvin, then Sir William Thomson, being in 
the chair. Subsequent papers from his pen were 
“Insulators for Aerial Telegraph Lines,’ in 1878, 
“The Telephone Trunk Line System in Great Britain,” 
in 1896, and “‘Telegraphs and Telephones at the 
Paris Exhibition,’ 1900. He was elected to the Council 
of the Institution in 1899, became vice-president in 
1903, and president in 1905. His presidential address 
delivered on November 9 of that year consisted of a 
review of telegraphic and telephonic progress, and a 
statement of the problems yet unsolved, which even 
to-day may be read with interest. Sir John’s official 
position naturally caused him to take a prominent 
place in international and other events connected with 
his profession. He acted as Juror to the electrical 
section of the Paris Exhibition in 1900 and was a 
delegate to the International Electrical Congress in the 
same year. In 1903 he represented his department at 
the International Congress on Wireless Telegraphy at 
Berlin, and in 1906 he acted in a similar capacity at 
the Wireless Convention held in the same city. He 
was also a member of the British Committee for the 
St. Louis Exhibition in 1904. Sir John joined the 
Institution of Civil Engineers in 1899 and delivered the 
James Forrest Lecture before that Institution in 1910, 
his subject being ‘“* Recent Developments in Telegraphy 
and Telephony.” 

The subject of our memoir married in 1870, and one 
of his sons now holds an appointment in the Secretary’s 
department at the General Post Office. Prior to Sir 
John’s death he had been for some time in a very 
precarious condition, and he passed peacefully away at 
his residence in Hampton Wick on New Year’s day. 
The funeral service will be held at 11 a.m. to-day at 
St. John’s Church, Hampton Wick, and interment will 
take place at Teddington cemetery. 








THE LATE MR. ALFRED EDWARD CAREY. 

WE regret to have to announce the death, which 
occurred on December 30, of Mr. Alfred Edward 
Carey, the well-known harbour works engineer. 

Mr. Carey was born in February, 1852, and was the 
son of the late Mr. Jonathan Carey, solicitor, Calcutta. 
He was educated at the Priory House School, Clapton. 
the City of London School and King’s College. After 
serving a pupilage in the engineering offices of the 
London, Brighton and South Coast Railway, and with 
Messrs. Saxby and Farmer, he obtained, in 1874, an 
appointment as assistant engineer to the London, 
Brighton and South Coast Railway, where he had 
charge, under Mr. F. D. Banister, of the design and 
construction for the company of stores, gas works, 
permanent way, workshops and sawmills. In July, 
1878, the Newhaven harbour and dock works were 
commenced, Mr. Banister being the engineer-in-chief. 
Mr. Carey was the resident engineer for these works 
until their completion, and he also designed the con- 
crete-making machinery which formed one of the fea- 
tures of the work. In 1885 he was appointed engineer and 
managing director of the Sussex Portland Cement Works. 

He commenced private practice in 1887, since when 
he acted as the engineer-in-chief of La Guaira harbour 
works. He further constructed five Portland cement 
plants at home and abroad, and acted also as engineer 
to the Hastings harbour works, the Coast Develop- 
ment Corporation, the Thames Haven Oil Wharves, 
Limited, and the Corporation of Southwold, for whom 
he carried out sea defence works and a harbour. 

Me. Carey was the author of ‘‘ Newhaven Harbour 
Works,’ ‘Testing of Portland Cement,’’ ‘‘ Coast 
Erosion,”’ “‘ Tidal Lands,’ &c. He was senior partner 
in the firm of Carey and Latham, consulting engineers, 
36, Victoria-street, S.W.1, responsible for the deep- 
water quay now under construction at Thames Haven, 
the recent marine extensions at Greenhithe for the 
Empire Paper Mills, Limited, the coast defence works 
for the county council of Somerset, and adviser to 
many companies and landowners on questions of coast 
defences and marine works, both in this country and 
abroad. 

Mr. Carey was appointed a member of the Institution 
of Civil Engineers in 1884; he was also a member of 
various other scientific societies. 





Coat Import into DenmarK.—The import of coal 
and coke into Denmark in 1922 was considerably greater 
than in the previous year, says the Danish Foreign Office 
Journal. In the months January-October the import 
of coal amounted to 2,266,000 tons, against 1,600,000 
tons in the corresponding period last year, and the 
import of coke and cinders to 643,000 tons against 
328,000 tons. Practically the whole import in 1922 
came from Great Britain, only 121 tons being imported 
from the United States of America last year against 
188,000 tons the year before. 
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YEAR-BOOKS AND ANNUALS. 


The Electrical Engineer’s Year Book and Diary, 
1923.—This year book hardly comes into competition 
with the ordinary type of pocket book and diary of 
which so many examples are published. It is the size 
of a business sheet of writing paper, and is, of course, 
intended as a desk diary. The size naturally allows 
a considerably more adequate space in the diary pages 
than is possible in any form of pocket book. The 
book is, however, by no means a mere diary, and 
contains a very large amount of technical and trade 
information on such subjects as the generation of 
electricity, the application of electricity for lighting, 
electric vehicles, &c. The information is collected 
in a very practical and usable form and shows careful 
preparation and original work. Copies of official 
electrical rules and regulations are also given, and a 
list of London streets in which electricity mains are 
laid, with the type of current, voltage and, where 
necessary, periodicity. This feature is likely to be of 
great value to many users. The volume is edited by 
Mr. J. H. Johnson, M.I.E.E., and is published by 
Messrs. S. Davis and Co., of 30 and 31, St. Swithin’s- 
lane, E.C. 4, at 21s. post free. 





The Business Directory, 1923.—The sixty-first annual 
edition of this directory is notable for important 
changes in the size, arrangement and contents of the 
volume. All the special features of the earlier editions 
are retained, but the value of the work has been in- 
creased by the provision of a column for the cable 
addresses and telephone numbers of every firm listed 
in the London alphabetical section. The entries in this 
column, which will relate to about 100,000 firms, are 
hardly complete, but this is to be remedied by next 
year. The directory, which is published by the executor 
of J. S. C. Morris, at 52, Holborn Viaduct, London, 
E.C. 1, comprises nearly 2,000 pages and contains about 
300,000 entries relating to commercial firms in the 
United Kingdom. In spite of its magnitude it is very 
easy to use on account of the simplicity of its arrange- 
ment. It is divided into two sections. The first 
covers 724 pages and consists of an alphabetical list of 
London and suburban firms, together with their 
businesses and addresses, while the second section 
comprises the principal London and provincial firms 
classified in accordance with their businesses. In this 
section a good many foreign firms are also listed. 
The volume, the price of which is 2/. net, has a striking 
appearance owing to the rich blue colour of its binding. 





The Textile Recorder Year Book, 1923.—Compiled 
and edited by Frank Nasmith, editor Textile Recorder : 
John Heywood, Limited, 121, Deansgate, Manchester, 
and 20 to 22, St. Bride-street, E.C. 2 (price 7s. 6d. net). 
This year book styles itself ‘a textile library in brief,” 
a title which we find fully justified. It deals with 
cotton, hosiery manufacture, woollen and worsted, flax, 
jute and ramie, silk, both natural and artificial, starting 
from the raw material and following up every process 
of manufacture to the finished articles. We are glad 
to find confirmation in the chapter dealing with cotton 
dyeing that very many dye-stuffs previously imported 
from Germany are now made in this country, also 
that almost all the foreign-made sulphur dyes can now 
be satisfactorily matched. A section of special technical 
interest has reference to the testing of yarn. The book 
is a complete compendium of a British staple industry, 
reference to which is greatly facilitated by a very 
detailed index. It will prove of great value not only 
to manufacturers and traders in the textile industry, 
but also to general engineers and merchants who may 
frequently be called upon to consider questions con- 
nected with the manufacture and the sale of textiles. 





Diaries.—We have received a copy of the “‘ Surveyors’ 
Tables and Diary,’’ Metchim and Son, 8, Princes-street, 
S.W. 1. This pocket diary contains a large amount 
of information in house building, structural work, &c., 
leases, also conversion tables. The diary portion 
takes up a page per week. Mr. J. Martin Blair, 
Amberley House, Norfolk-street, Strand, W.C. 2, 
representing Hengelosche Electrische en Mechanische 
Apparaten-Fabrick, Hengelo, Holland, has sent us a 
diary of this firm. 


Almanacks ané Calendars.—Daily tear-off calendars 
have reached us from the English Electric Company, 
Limited, Queen’s House, Kingsway, W.C. 2; Messrs. 
Thomas Robinson and Son, Limited, Railway Works, 
Rochdale; Milner Hurd’s Patents Company, Limited, 
4, Paradise-square, Sheffield. We have received 
monthly tear-off calendars from Messrs. Geo 
Cradock and Co., Limited, wire rope works, Wakefield ; 
Messrs. William Firth, Limited, iron and steel merchants, 
Leeds ; the Submarine Signal Company, Friars House, 
New Broad-street, E.C.; Messrs. John I. Thornycroft, 
Limited, Southampton, Basingstoke, and Thornycroft 
House, Smith-square, 8.W. 1. Desk calendars from 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Notr.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 
tions of the London Metal Exchange for fine “ foreign” and “standard” metal respectively. The prices 
shown for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough 
prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices 
given in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 
heavy sections. The pig-iron prices are for the East Coast hematite and Cleveland iron, both of No. 1 
quality and for home consumption. The price of tin-plates is per box of I.C. cokes f.o.b. at 
Welsh ports, but in all other cases the prices are per ton. Each vertical line in the diagram represents 
a market-day, and the horizontal lines represent 11. each, except in the case of the diagram relating to 


tin-plates, where they represent 1s. each. 








Messrs. Brook, Hirst and Co., Limited, electric switch- 
gear manufacturers, Northgate Electrical Works, 
Chester, London and Glasgow, who for many years have 
identified the name “ Brookhirst’’ switch gear with 
their manufactures; they announce that they have 
decided at an early date to carry on their business 
under the company title of “‘ Brookhirst Switchgear, 
Limited.’’ A desk calendar also comes from Messrs. 
J. Evershed and Co., printers, Fairfield-road, Bow, E.3. 
Monthly tear-off calendars have further reached us 
from the D. P. Battery Company, Limited, Bakewell, 
Derbyshire; the Brightside Foundry and Engineer- 
ing Company, Limited, Sheffield; Messrs. W. H. 
Wilcox and Co., Limited, engineers’ stores, 38, 
Southwark-street, S.E.1 ; Messrs. Hollings and Guest, 





Limited, engineers, Thimble Mill-lane, Birmingham ; 
Messrs. J. C. Fish, Hall and Co., manufacturing 
stationers and printers, 11, Bishop’s-court, Chancery- 
lane, W.C.2; Messrs. Haslam and Stretton (Engineer- 
ing and Motor Utility) Company, Cardiff, Bristol and 
Swansea; we have also received a wall-calendar from 
Messrs. C. Isler and Co., Limited, artesian well 
engineers, Bear-lane, Southwark-street, S.E. 1. 





Water Power ry EstHonia: Correction.—Our 

aph on Water Power in Esthonia, on page 803 

of last week’s issue, contained a historical reference to 

the battle of Narva, 1700, in which the names were mis- 

laced. Charles XII, of Sweden, defeated the Ruvsians 
in the battle referred to. 


Ame 
held 
deta 
proc 
Wot 
inve 
lay- 
feat 
allo 
cop 
reir 
but 
it | 
roll 

I ro 
ma 
wit 
nec 
Int 
ar 


the 
me 
col 
of 

po 
ne 
in 

ing 
of 


ar 


OF 


la. 
in 





Jan. 5, 1923-] ENGINEERING. 25 
Sc duiccin civacitauncy'RAMISNNIS) ‘Sotlbuntns samelinanen.siueNiNinaciphd; Beatin cli neitaaion MEDUaa I nanRUaARanesinaaiamnanaia 
REFINERY AND ROLLING MILL FOR finished products, &c., were such as to limit the detailed | for the purpose of the ane and olling mills aaie eons 

MONEL METAL. study of locations for the new works to the eastern parts | marked. The workers, both common and _ skilled, 
A paper read before the annual meeting of the of the United States. The territory and principal | available are 95 per cent. English-speaking Americans 
American Institute of Mechanical Engineers, which was railways which serve customers, and prospective markets 
held from December 4 to 7 at New York, described in 











y and have good records for steadiness and industry 
for the products of the works, are shown in Fig. 3,/in many types of work, and the majority of them own 
page 26. This area covers the largest manufacturing | their homes. A plentiful supply of natural gas with a 





















i s taken to select a location for a works to | "5°. : c , 
£ nbn ches snr metal. In this paper, Mr. W. L. districts of the United States, with Chicago and St. Louis calorific value of 1,100 British thermal units per cubic 
ce Wotherspoon not only discussed the economic problems in the West, and New York and Philadelphia in the East, | foot, is available from companies in the district at a cost 
involved in the question of site selection, but also the and Huntington, it will be noticed, is centrally situated | of from 18 to 19 cents per 1,000 cub. ft. The indications 
184 lay-out of the plant. In the following we give the main | this territory and is in close proximity to the districts | are that a supply of such gas will be available for fifteen 
features of the paper largely in the form of an abstract. | where coal, oil and natural gas are obtained. Bayonne, | to twenty years. <A local oil refinery provides a good 
182 The substance known as monel metal is a natural | N.J., was considered, as the company had a large | supply of high grade oil with a low sulphur content, at a 
= alloy, and consists of 67 per cent. nickel, 28 per cent. | refinery there and it was thought the rolling mill might be | price, at present, of 5 cents to 6 cents per gallon, delivered 
copper, and a mixture of other elements making up the | nébileilend Roe Wil Mocs etees Sas the plant. High grade bituminous steam and zas 
78 remaining 5 per cent. It has the appearance of nickel | ‘ Y ng Schedule of Factors Investi d 
but in tensile strength is comparable with steel, while | Fig .1. (Rate Schedule oj actors Investigated. 
as it has a high resistance to corrosion and can be cut, | Plorag - 2 
14 rolled, welded, machined and forged. The metal is | Labour fe --{ Gomon \ -. Type, Supply, 
produced in the refinery from monel-metal bessemer | Common ..  |Rates, Strikes 
72 matte and is worked to produce merchant bars, forgings, | Oxide and Charcoal ‘Oil, Prod 
0) wire and sheets. To provide for the increased production ETT ) om, sca 


necessary to meet the demand for this materia], the | 


} Metallurgical Cost 
| Fuels < Power Genera- and 
1S International Nickel Company has recently completed 


Quality | | gas, Coal, 


tion 


Ingots e 
























he a refinery and rolling mill at Huntington, West Virginia, | Scrap , ee . . 
"a U.S.A. Before deciding the geographical position of | § ase aia Service Electric Supply ...Costs, Service 
. these works a general survey of the requirements to be | typ nt Housing, Cost of Livi cme t 
2 met was made by the engineers and management of the | é | Living Conditions { d 8» iving, Sanitation 
‘ 2 . P : soy Chipped Ingots | and Health 

gw... company. This consideration involved the discussion | | ott , 
a of the past volume of business, the estimate of the | ques Scrap Fes j Minimum and Maximum Average 
o potential markets, and the minimum amount of plant | | scrap | | Climate ... = Temperatures, Average Snowfall, 
" necessary to meet present demands and those probable | ; | Average Rainfall 

in the immediate future. For the complete understand- | Matte, Refractories, 
; ing of the problem of the nature and size of plant for such Chippers Rolls, Castings and 
a scheme as this, a flow sheet for the operations proves | | pod Cem Pat bal Mill Spares, Sheet 


of great service. Fig. 1 gives the flow sheet in question, Bars, Charcoal, Elec- 


Sources and 


and shows clearly the relationship of all the different | 


operations involved in the process. 
The general plan of the works (Fig. 2) shows how the 
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lay-out has been effected after due consideration of the | Lubricating Oils, 
information given in the flow sheet. The size and the “| Scrap SHEET MILL General Stores 
location of the individual units in the works were deter- CRO he (Monel and 
ina! | | Monel Shot, | 32 
- OU SSS | Products, } Pig, Sheet | 2° 
Mr, ° ” mill a Pie : ge ee istri ; 7; So 
| Féeq. 2. go Pr Oil Storage: LL yy | Distribution of oe i. ire ( & i 
a fF Pump Hoi ra SA | , od, org- Q 
fo A. ps XQ, } ing 
y ee racks 4 . y . . : . 
Standard Gouge Tra ks aN | Water Supply ... +? ... Service, Costs, Quality 


\\ | Taxes and Laws... ... State, Local 


\ ( Railroad Connections, Character of 


\ Ground for Building and Equipment 























[ \0i! and Grease House 









































































, i = 8 \ | Foundations, Drainage and Flood 
Shop -*| ; rm $s i | Selection of Site Conditions, Accessibility for Labour, 
k-i20'f--} . I | Grading and Facilities for Slag Dis- 
[Sealey t & | | i posal, Provision for Expansion of 
; 3 ! Works ’ 
i &l § t yy i, | 
eeu } ZH oy H | Wf} Construction Costs: ...-Labour, Material, Supplies 
i ier | H i h i) IF | | Be The marks assigned to each factor were :— 
® 1 « | } 
8 | ® : malt t! b | & 8 Labour 250 
¥ Warehouse} S ic i olf ‘= Fue | S if Fuels 330 
| el, Sherr] ik = HIB] stack bel Power <i nan 100 
i ‘ ” agarier = | § | Living conditions . or “a 100 
| ; na Shop I re [ Jr cramer | Fl fens oo she ees ide bss 50 
‘| Yaka awl il fh 5, a | bs lll lor 
- — Ne td fel ais aspen gis 4 ji aif Supplies 60 
———— SS SE = ae ST wm Sub-sta. 11! pp vee sve aaa =a e e 
F 7] “at alate psc is V ade } Ball Mills», hi . i| i| Taxes and laws .... ee ee BES 20 
[be -naustrial Tracks . ur Compressors [eo ri \ = Vi L Goer Sa, r i! \ Site (cost and quality) ... =" at 10 
Fy 7 Fan oA 5 SERES 4 a ™ | 1 Construction cost ose ese < 20 
- Concrete Canduits with Removable Concrete Slablovers, uSéd fir Walkways IN 
tothe 2 antes! Ny \ N ; 
7 — Tiger 3 —+-| 5 X i| 1 coal can be obtained from the local coal field at a cost 
P+ - Shee ill i 33 i} él \y | of 2-50 dols. to 3-00 dols. per ton, delivered at the works. 
2a aki — IF ory i ne Y \\ Two modern central stations at Huntington supply 
ppl Tank _—_} —_bodooo 0 _s \ \\ power to large consumers at a cost of 1-1 cents to 1-2 
wary ee ee 4 8 i ae Se al ES 7 | cents per kilowatt-hour. River water is available. and 
U} i\ borings show a good supply at an average depth of 60 ft. 
i} oe Se Bsih 2 SE Sa ee ere a The climate is equable, with cool nights and little snow- 








mined solely on the basis of proportional output of the 
sections and the sequence of the various operations. As 
& result of this survey Mr. Wotherspoon reached the 
following conclusions: The existing and prospective 
business for monel metal justified the estimated capital 
expenditure of approximately 3,000,000 dols. for a 
rolling mill to produce rods and sheets, and that the 
existing markets for monel metal and other alloys were 
such that the plant should be laid out with provision 
for considerable expansion. Natural gas, being practi- 
cally free from sulphur, was the ideal fuel for the heating 
purposes. Should it be necessary to utilise producer 


| 





an addition to the existing works. After the investigation, 
however, the Bayonne refinery was closed down and the 
plant dismantled, leaving available an excellent site on 
New York Harbour for some other industry for which 
the economic conditions are suitable. 

A schedule is given in the next column of the factors 
investigated before finally deciding on the site. 

After consideration upon this basis, the figures shown 
in the following table were deduced to show the per- 
centage value of each item for each location, taking the 
marks given in the highest case as 100. 











fall. Refractory materials, charcoal, castings and steel 
can all be obtained in the district. There are no smoke 
laws at all in West Virginia. A site of 76 acres was 
procured just outside the present city boundaries of 
Huntington, having a direct connection with the 
Chesapeake and Ohio Railway. When the extensions 
at present planned are completed, a similar siding on 
the Balitmore and Ohio Railway is contemplated. 
The Guyan River which is beside the works, as is seen 
in Fig. 2, joins the Ohio River about one mile further 
down its course. Flood conditions were investigated and 
it was found that only on two occasions during the last 
forty years had floods been so high as to endanger to 


gas, the estimated capital expenditure for plant and Locations. even a small extent any property at the elevation of 
equipment would be increased by approximately j the selected site. The ground is excellent, being composed 
200,000 dols. The particular disposition and service Hunt- of solid clay for a depth of 12 ft. to 18 ft. under which 
of the merchant and sheet mills was such that individual 63 ington. A. B. } ve there is a stratum of compact coarse sand. 
electric drive, with gear reductions where necessary } " The matte received from the company’s smelting 
would suit the conditions best. Purchased electric power ein tara Be works in Canada, in irregular pieces weighing about half a 
was to be preferred, and if not available the capital expen- | L¢bour 100 90 82 7 65 | hundredweight is unloaded from the railway wagons 
diture would be increased by approximately 750,000 dols. onal 10 a = S i. and passed “through a 24-in. by 16-in. jaw crusher and 
‘ ate of a least twenty, and preferably up to fifty, acres | Living conditions 100 | 90 | 90 | 85 | 80 | reduced to general dimensions of about 1} in., and is then 
vas thought necessary, | Transportation 100 95 90 90 90 fed into Krupp-type ball mills where it is further 
After this survey of the requirements, and when | Water 100 90 75 85 15 reduced to pass through a 16-mesh. The crusher and 
the conclusions were available, a careful consideration | Climate 100 90 85 90 85 | mill plant can deal with 45 tons in an eight-hour day, 
of the merits of the following districts for the site | Supplies .. * 100 90 90 95 85 | and with a storage bin for the matte having seven days’ 
of the works was undertaken: Bayonne, N.J., Buffalo, | cap treryhien A uality) .. by 1 80 30 re capacity, the plant can be used intermittently to suit 
N.Y., Baltimore, Md., Pittsburgh, Pa., and Hunting- | Construction cont 9 “"l 400 90 80 80 70 +| convenience or the arrival of consignments of the raw 
ton, W.Va. Although the ores and bessemer matte ; | material. This plant, and the conveyor connecting 


from which monel metal is produced come from the 
International Nickel Company’s mines and smelting 
works in the Sudbury District of Ontario, Canada, and a 
new refinery for nickel products had heen constructed 
a few years ago at Port Colborne, Ontario, Canada, 

















Fig. 4 shows the connections to thirteen important 
railways within 175 miles of Huntington. The Ohio 
River is navigable all the year, and there is a regular 
service of boats between Pittsburgh, Huntington and 


its two parts, is belt-driven through a line shaft by a 
125 h.p. 3-phase squirrel cage motor running at 900 r.p.m. 
‘Two large flywheels are fitted to the crusher and a 
controlled feed system to the ball mills to ensure regular 








working. The ground matte is fed mechanically into 
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or the electric furnaces. Pig metal produced in the open. sa 





the roasting furnaces, of which there are three. Electric | the monorail trolley hoisting system. Refractory 

















travelling hoists of the monorail type and of 2-ton | material of a very high grade is used in the construction | hearth furnaces, together with scrap, is used as the a 
capacity carry the material from the bins to the furnaces. | of the furnaces owing to the high temperatures to which | charge for the electric plant. The power consumption in to 
The telpher has a lift of 30 ft., a hoisting speed of 20 ft.| they are subjected, the tapping temperature being | the electric process varies from 642 kw. to 714 kw.-hours qu 
to 50 ft. per minute, a travelling speed of 300 ft. to | about 2,800 deg. F. As the heat utilised in this type of | for every ton of melted monel metal. wt 
350 ft. per minute and operates on a 12-in. I-beam | fur'>ce does not exceed about 15 p<r cent. of that available To ensure a uniform hammered or rolled product the at 
connected directly to the lower chords of the roof trusses. | fr the fuel, a 600 h.p. boiler of the waste-heat type | outer skin of the monel-metal ingots is removed. This 44 
The roasting furnaces are of the horizontal type, 80 ft. | }.ovided with a superheater is installed behind each | was previously done by pneumatic chipping, but milling at 
is now replacing this practice. The ingot is placed on the = 
iq.3. MAP SHOWING RAILROAD AND MAJOR INOUSTRIAL PORTION OF THE UNITED STATES table of the machine which is fitted with four points de 
: — of hardened steel, one fixed, one adjustable, and two re 
Traverse City mounted on a rocker arm so that the ingot can be quickly H 
. trued up by the manipulation of the adjustable point. de 

& Ves Two set screws are mounted on the bottom clamp 

——— SSTONOWANDA | CT NIE W york S| | casting for squaring the ingot with the table. To turn 

— i \ a5 the ingot a steel tower has been erected on one side of 

= > :] uffaig Ps : bo oeg each machine supporting two chain slings so that, with 

—Fgkeas: f Seg | the table at the extreme traverse, the chains are placed 

= Grand Rapids aw > : one round each end of the ingot and the table lowered. 

= —_— > ; The operator can then with.a bar easily turn the ingot 
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= MYCH ! G el 90 deg. for the new set-up. To overcome the tendency 5 
| for the tapered ingot to slip longitudinally while being 
fn, ' milled, and to eliminate the time wasted by the operator 
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long and 17 ft. wide, the material being moved along the ; furnace. Steam generated from i 
hearth by rubbles operated by a mechanical chain and | this plant is used by thehammers Nig 
gear transmission mounted over eac» furnace. The|and in the auxiliary power- & >, 


rubbles have monel metal shoes and are made hollow | house, which is an extension of & SS 
to permit of water cooling. Natural gas is used as fuel | the refinery and contains two 
for these furnaces which each have a capacity of | 750 kw. turbo-alternators. These 
25,000 Ib. for a 24-hour day. The roasted matte is | boilers were reconstructed from 
discharged by gravity int« large buckets and ground | boilers of the 4-drum type for- 
charcoal is mixed with the hot material so that its|merly used at the Bayonne N 
reduction is started at the time it leaves the furnace. | Refinery (Fig. 6). The power S 
The charcoal is procured locally in irregular sticks and | generated, it is anticipated, will 
is broken in a rotary type of crusher. This material, | cost 0-4 cent per kilowatt-hour. 
after crushing, is stored in a bin, but only in comparatively At the side of each furnace there are water tanks 
small quantities because of the dangers of spontaneous | into which the monel metal can be directed from a 
combustion. The bin is of fireproof construction and/| movable spout to produce shot. Electric furnaces 
subdivided to reduce the hazard. The cooling water | of the Moore and Heroult type, with charge capacities of 
from the rubbles, about 100 gallons per minute, which | 3 tons and 7 tons respectively, are installed side by side 
is raised in temperature to 160 deg. F., is taken to the | in the other end of the refinery. The charge floor is 
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in tightening and loosening the bolts, together with the 
risk of damage to the milling cutters, a pneumatic 
clamp is now being designed which will decrease con- 8 
siderably the clamping and reclamping time. Approxi- 
mately 250 lb. of metal are milled from the large ingot in 


the actual cutting time of 2 hours 40 minutes. The total 
boiler-feed tank. 





The refinery is situated beside the crushing and 
calcining plant (see Fig. 2) and contains two open-hearth 
furnaces of 35,000 lb. per day capacity, arranged for 
firing by natural gas or oil (Fig. 5). The roasted monel- 
metal oxide and the ground charcoal are delivered by 


| made of reinforced concrete and is 12 ft. above the main 
| floor, 100 ft. long and 35 ft. wide. The furnaces are 
| basic-lined and the elimination of sulphur and oxygen 
| is carried on under basic slag. The moulding bay is 
served by two 15-ton travelling cranes. Monel metal 
ingots are produced directly from either the open-hearth 





time to finish the ingot, including resetting of tools, 
turning and reclamping of ingots is 4 hours, 13 operations 
being required. The plant used consists of 8-in. mills 
of special design with extra heavy steel bodies, case- 
hardened chip breakers, and 10 inserted 1}-in. by #-in. 
high-speed steel blades. The blades are set in the body 
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so that the rake angle which the face of blade makes with 
a radial line is 15 deg. Cutters of special design are used 
to mill the corners of the ingots, and are mounted on a 
quick-change extension shank to allow for quick setting 
without removal of the face mill. The face mill is run 





supplied from two electrically-driven horizontal air automatic air and gas regulating fittings. Two steel- 


compressors which are placed in a corner of the chipping 
shop, after coolers are installed, because of the impor- 
tance of having cool, dry air for the pneumatic tools. Fig. 8 
illustrates the general arrangement of the air-compressor 





at 16 r.p.m., taking }-in. depth of cut with feeds of| plant. Each of the two compressors’ will deliver 
4} in. and 4% in. per min. The angular cutters are run | 1,030 cub. ft. of air per minute at 100 Ib. gauge pressure 
at 38 r.p.m. and a feed of 5§ in. per minute. A con- and is driven by a 210-h.p. 
siderable amount of test work has been performed to | synchronous motor running 
determine the cutter clearance angles necessary, and as a | at 250 r.p.m. 

result of this, the practice adopted is shown in Fig. 7.| After chipping, the ingots 
High-speed steel blades hardened and drawn at 1,150| are taken to the hammer 
deg. F. have consistently cut eight ingots with the | shop. The equipment here 


Fig.8 
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Air Receivers 


plate blowers supply air to the heating furnaces at a 
pressure of 1 lb. per square inch gauge. The blowers 
are each of 7,200 cub. ft. per minute capacity, and one 
driven by 50-h.p. direct-current motors with variable 
speed control, providing a range of from 1,000 r.p.m. to 
1,700 r.p.m. Two Stirling boilers, operating at a pressure 
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Fig. 9. GENERAL PLAN OF MERCHANT MiLiz. of 160 Ib. per square inch and fired with natural gas, are 
= * 425-0" < 70 installed in the hammer shop, but under normal con- 
ditions of running the steam for the hammers is obtained 
ge See eee = a a a from the waste-heat boilers in the refinery. The two 
‘Hot Slab Shean {| ] Rolf S Hot Bed — Vertical 5:ton Crane [vertical Shear Vertical Shear' heavy hammers are used for cogging or breaking down 
lathe Shear || |F . So | and have been found more suitable for this work than the 
3 ae iB 3 Q.. ) usual mill or hydraulic press. These hammers are of 
g fi # £ Hot Bed Oo Hot ; | the double-frame type and built of steel throughout. 
Sliding Frame Saw 4, m3 Control Hot Bed Ha 3 The eee ee held together at the bottom by a 
f onto 7 House 500 Hp Moto ; } x cast-steel base plate. The ratio of anvil weight to the 
' ; | eeenticd nsidng > HA a? ch P M OM ! othe: Ss ef falling weight is 15 to 1. Cushioned safety-cylinder 
{+— an Pies CMR os! ~e sibh ft a = pr = 3 Nevigrd are used in these hammers and special guides 
4 - ] ene - | and shoes. 
IU gE] 200 Mp Motor, : ee | Planer ta | aS The rolling mills are divided into two departments, 
A H 1 24°Mill dy Mill ed AE Motor 800Hp. Bs a ‘is the first for the production of bars, billets, rods and wire, 
g | = - ’ 1o"Mill A'Mill Mach Grinde ‘= | and the second for the manufacture of sheets, both hot and 
: Motor 1000H; Notok| 4 =" es ¥ Meadt sn cold rolled. On account of the extremely tough character 
a Re “! * 0p «= ‘Motor B00 of monel metal and the tendency it has of cooling rapidly, 
: HE Chute -~Telephers--ih.... le Sheby a mA it is necessary to have mills of great strength and rigidity. 
~—_kSiEl \ i z ru x x_\| — es Ng ee Na > The type of material rolled is similar to alloy tool steel 
l= Fernochan ; r Ke % { i Electric \Tool | Draw Cut and it is very necessary to have mills in which the 
“~~ OS a esa ‘20 i ee ai /4 || ers: | oom Planer machine work and general finish are the best obtainable. 
Ss SE x20 i i li it “di The hammered ingot or bloom, after being overhauled to 
' dea on | = Blowers: _ : remove any scale or surface imperfections, is delivered 
x eed Re 8G i Mitlgts T) eee SPELL A Lae rg to the 24-in. sheet-bar mill, located in the merchant-mill 
aE a . .. ae building. This mill consists of two stands, the first stand 
a . g s, the firs 
Brosius 2 ener AG Stacks babe Stacks 8 i three-high and the bullhead or finishing stand, two- 
Charger Charging Crane high. The handling of blooms to the heating furnaces 
Drinkina Water and thence to the standard mill tables is by means of 
(76471) te 4 a Brosius charger. The tilting tables, which are 25 ft. 
7 Gas Meter Station long, the transfer, and the other table operations are 
Borehole Pump J} controlled from the same platform. After being rolled 
’ P the bar is carried to a powerful shearing machine capable 
orehole Pump of cutting 34-in. by 12-in, billets. 


pray: feed. A skilled chipper cannot chip out more | consists of one 10-ton crane and four steam hammers 
than 1,200 sq. in. to 1,500 sq. in. in an eight-hours’ shift | of 16,000 Ib., 10,000 lb., 3,509 lb., and 1,500 Ib. 
Tt arrears 4 two sides of a 2-ton monel-metal ingot. | capacity respectively, and the necessary handling gear. 
os = ing machines have a capacity of one ingot every |The heating furnaces, five in number, are of the 
— a Any defects not removed by milling are | Steven’s regenerative type, four with hearths 7 ft. by 
Spree Srey 20 ft. and one with dimensions of 7 ft. and 14 ft. 

Compressed air for the chipping and other work is ' They are all equipped with hand-control gear and with 


«ro 





The general arrangement of the sheet mills is shown in 
Fig. 10.. The mills themselves are exceptionally heavy, 
the roll diameters being 30 in. and the maximum sheet 
width 48 in. The present equipment consists of two 
finishing mills and two roughing mills, each finishing 
mill having a roughing mill of its own. The roughing 
rolls are balanced and are driven by fully enclosed cut 
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gears, rather a new development in sheet-mill practice, 
giving a very smooth movement and reducing the ten- 
dency of the pinion teeth to mark the sheet. A specially- 
designed drag, known as the “ Conklin” is fitted. The 
roughing rolls are screwed up and down by a motor 
drive, for which a 40-h.p. motor is used carried on the 
top of the pinion housing. The main motor to drive 
this mill is a 1,200-h.p. motor, provided with a double- 
reduction gear giving a total reduction of 13 to 1 and 
a mill speed of 26 r.p.m. The equipment is that 
usual for sheet mills, except for some slight changes in 


the floors. On the side nearest to the furnaces and in| 


front of them, the floors are of cast-iron as usual, but are 
air cooled for the roller and his helper. On the catcher 
side of the mill, however, wood blocks are used entirely 
except for a small portion of grating floor with air circula- 
ting below it. The furnaces are fired with natural gas and 
the air supply is obtained from large blowers. The main 
crane in this shop is of 30 tons capacity with an overload 
possibility of 25 per cent., but there is also an auxiliary 
10-ton crane. The 26-in. cold-roll mill, at the south end 
of the building, consists of four stands of cold rolls driven 
by a 300-h.p. motor. The construction is standard 
practice throughout, except that the housings are very 
heavy and weigh about 12 tons each. No flywheel 
has been fitted as there is little fluctuation in the power 
required with this type of mill. 

It will be noted from Fig. 9 that in the building with 


| gears and pinions was given much study, and a combined 
pressure and gravity system was installed in the control 
houses. Small plunger pumps are considered preferable 
for this service, as with their use there is no tendency 
to form an emulsion as is the case with some pumps of 
the rotary type. 

The dimensions and arrangements of the buildings are 
| shown in Fig. 2. All the buildings, with the exception of 
the office, laboratory, oil and grease house ana the electric 
| substation, are of steel construction. Steel lifting doors 
| are continuous on the sides of the refinery, hammer shop, 
| merchant-mill and sheet-mill buildings, and for truck or 
| railroad entrances to buildings rolling steel doors are pro- 
| vided. The roofing and sheeting is of corrugated black 
| sheets, the windows have wooden sashes, which take up 
| any variation in the steelwork and eliminate warping of 
| frames which otherwise might occur. There are in all 
| about 160,000 sq. ft. of these windows used in the entire 
| plant. The buildings were given two coats of a non- 
| corrosive paint and a finishing coat of battleship gray 
| colour, which gives a pleasing appearance and aids the 
|inside lighting. Reference to Fig. 2 shows that every 
| important department is served with railway connections 
| with the main line and that there is suitable storage 
| facility for the wagons. 
| The water supply was obtained from bore holes during 
| the construction and until the pumping station was 
' erected on the Guyan River. The water of the river is 








Fig.i1. PLAN AND ELEVATION OF PUMPING STATION 
(GUYAN RIVER) 
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the 24-in. merchant mill there are other merchant mills 
used for furnishing the greatly varied products of the 
company. This equipment consists of the 24-in. mill 
referred to previously, which not only makes sheet bar 
but also the various sizes of billets required, a 20-in. 
mill, a 14-in. mill, a 10-in. mill, and a 14-in. Belgian 
rougher; and the wire mill, which consists of two 


separate mills in line with each other, one being a five- | 


stand roughing mill and the other a four-stand finishing 
mill, These mills are equipped with, gears and direct- 
motor drive, and each has a flywheel on the motor-shaft 
except the 9-in. roughing mill, which, due to construction 
difficulties, has the flywheel on the mill-shaft. The 
9-in. finishing mill drives direct without any flywheel or 
gear reduction. With the exception of the two 9-in. 


finishing mills, the mills ar> what might be called slow- | 


speed mills, as, in spite of the fact that the material 
cools quickly, it is not advisable to roll it too fast, and 
this had to be given special consideration in deciding 
upon the speeds to employ. 
fixed-speed motors except the 10-in. mill, which requires 
a variation from 120 r.p.m. to about 80 r.p.m. to accom- 
modate the varied size of material, and the 9-in. mill, 


the intermediate between the 14-in. roughing and 9-in. | 


finishing mill, which has a speed variation of 257 r.p.m. 
to 384 r.p.m., arranged in 17 intermediate steps, to 
accommodate the delivery speeds of the 14-in. mill. 

The whole of the south side of this building is arranged 
with lifting doors, so that it is easy to adapt the tem- 
perature of this end to either summer or winter con- 


ditions, the same type of doors being arranged at intervals | 


on the furnace side. Lubrication of mill reduction 


All mills are driven by | 


of good quality. The installation, Fig. 11, consists of 
two 500-gallon De Laval centrifugal pumps, each driven 
| by a 40-h.p. 2,200-volt motor, and operating against a 
head of 210 ft. and discharging into a 150,000-gallon 
tank. To reduce the operating load on this plant a 
| pond of 4,000,000 gallons capacity has been provided 
| (see Fig. 2), and the water is used on the closed-circuit 
| system and the river water used to make up for the 
| leakage. The designs and specifications of all the build- 
ings and mill equipment were prepared by Mr. Frank I. 
Ellis, of Pittsburgh, Pa., but the design of the refinery, 
pumping station and other details was carried through 
by the officials of the International Nickel Company 
under the direction of Mr. W. L. Wotherspoon. 








THE RELATIVE ADVANTAGES OF THE 
FOUR-STROKE AND TWO-STROKE CYCLE 
MARINE DIESEL ENGINE.* 


| By A. S. Warkrnson, B.Eng. (Liverpool), Assoc.M. 
| Inst.C.E. 

THE question of a suitable type of propelling machinery 
is to-day a very difficult problem for the shipowner and 
his superintendent engineer to face. Not only are there 
several types of steam machinery available, but the 
internal-combustion engine has made such rapid strides 
in the last few years that no shipowner contemplating 

| the building of new tonnage can afford to neglect giving 








* Abstract of a paper read before the Liverpool 
Engineering Society, November 29, 1922. 
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it his most serious consideration. Of the ships building 
in this country to-day, over 6 per cent. are motorships, 
and in Denmark and Sweden the proportion of motorships 
to the total number of ships se construction is 60 per 
cent. and 53 per cent. respectively. It is also significant 
that of the large number of inquiries which shipbuilders 
have received this year, the majority are for ships pro- 
pelled by Diesel engines. 

Having decided to adopt internal-combustion machi- 
nery for his new ship, the shipowner has next to select 
the most suitable type of engine for his purpose. From 
the shipowner’s point of view, undoubtedly the first and 
all-important consideration is reliability, both in operation 
at sea on long voyages and in manceuvring. If an engine 
cannot be designed to be thoroughly reliable for long 
periods under the above conditions, the shipowner will 
have no use for it. After reliability come questions of 
first cost, weight and space occupied, cost of repairs and 
maintenance, fuel consumption and lubricating oil con- 
sumption, and the ability to burn inferior grades of fuel. 

The first large Diesel-engined ships, the Selandia, the 
Jutlandia, and the King Christian X, ‘vere built in 
1912, and were soon followed by the Annam, the Siam, 
and several other vessels. These ships were propelled 
by the well-known Burmeister and Wain type of four- 
cycle engines, and are still doing good s>rvice at sea. 
During the war, motorship construction was at a stand- 
still in this country, but considerable experience was 
gained in Diesel engine construction for submarines, 
small tenders, &c. 
constructed were of the type in which the scavenge air 
is admitted to the cylinder through valves in the cylinder 
head, and most of these were failures. Meanwhile the 
pre-war four-cycle engined ships continued to operate 
satisfactorily throughout the war, and it is small wonder, 
therefore, that when motorship development again 
became active, in 1919, the four-cycle engine should be 
favoured, and by far the larger number of ships built 
since the war have been fitted with engines of this type. 
Two-cycle engine builders have to live down the failure of 
the early engines of this type, but this engine is certainly 
gaining ground, especially in this country, and it is in- 
teresting to note that a greater number of British firms 
are building two-cycle than four-cycle engines. 

It will be convenient to divide the advantages and 
disadvantages of four-cycle and two-cycle engines under 
two main headings, namely, ‘‘ Fundamental considera- 
tions ”’ and “ Mechanical and structural considerations.”’ 

Fundamental Considerations.—In each cylinder of a 
two-cycle engine there is a working stroke for every 
revolution, as against a working stroke in every two 
revolutions in a four-cycle engine cylinder, and it would 
appear at first sight that for cylinders of equal dimensions 
the two-cycle engine cylinder would give twice the 
power of that of the four-cycle engine. This, however, 
is not the case, for the following reasons :—The piston 
speeds are, on an average, about 10 per cent. less, and the 
brake mean effective pressures are, on an average, about 
4} per cent. less in two-cycle than in four-cycle engines. 
Thus in four-cycle engines and two-cycle engines having 
the same number of cylinders and the same cylinder 
dimensions in each case, the latter will develop 171 per 
cent. of the power of the former, this being an average 
figure. It follows that in four-cycle and two-cycle 
engines of equal power the weight, size and cost of the 
two-cycle engine should be considerably less than of the 
four-cycle engine. This advantage is partly discounted 
by the fact that the two-cycle engine requires to be 
fitted with scavenge pumps. It will, however, be better 
for the purpose of the present paper, especially as 
engines of the same power by different makers of each 
type vary very considerably, to examine the weights 
and sizes of actual engines from which comparisons can 
be made. A comparison of several is given in Table I. 

As the Burmeister and Wain engine is the most 
widely used of the four-cycle engines, a comparison will 
be made between it and the Sulzer and the Camellaird- 
Fullagar engines, taking the motorship Peru as a basis 
for the calculations. The twin-screw motorship Peru, 
which was fully described in ENGINEERING (Vol. cii, 
page 324), is propelled by Burmeister and Wain engines, 
having the characteristics given in Table I. 

The main dimensions of this ship are as follows :— 


Length over all 442 ft. 
Length b.p. ... Res 425 ft. 54 in. 
Beam (moulded Re 55 ft. 


Depth to shelter deck oie 38 ft. 6 in. 

Draught (loaded)... +e 28 ft. 

Displacement wes oe 13,400 tons 

D.W.T. capacity “se 9.400 tons 

Gross tonnage AS <3 6,919 

Net tonnage ... 5,223 

Speed (loaded) 11-15 knots 

Engines 2 x 1,250s.h.p. at 
125 r.p.m. 


The auxiliaries are electrically driven, current being 
supplied by three Diesel engine-driven dynamo sets of 
60 kw., each running at 300 r.p.m. 

Weight.—A comparison of the weight of the main 
engines and generating sets of the above ship with the 
weights if Sulzer or Camellaird-Fullagar engines were 
installed, is given in Table II. 

The other auxiliary machinery need not be considered, 
as it will be approximately the same in all three cases. 

A comparison on the basis of equal deadweight tonnage 
can be made by slightly altering the dimensions of the 
ship to suit the particular type of propelling machinery 
proposed. Table III. shows the alterations which might 
be made to the design of the ship in each case, and the 
advantages accruing. Figures for two alternative 
designs of ship are given for the Sulzer and the Camellaird- 
Fullager engines. In the first alternative in each case 
the beam, depth and draught are reduced, the length 





and the block coefficient remaining the same as in the 
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TABLE I.—Particutars or Enorves oF 1,250 B.H.P. 






































Two-cycle No. of 
Engine. or B.H.P. | Cylin- Bore. | Stroke.| R.P.M.| B.M.E.P. | Piston | Weight. | Overall 
Four-cycle. ders. | Speed Length. 
ins ins. lbs. sq. in. | ft.-min.| Tons. ft. ins. 
Burmeister and Wain 4 1,250 6 24°8 37°8 125 72 785 192 37 6 
Vickers (solid injection) 4 1,250 6 24-5 39 ; 118 76 765 _ 36 «6 
Werkspoor .. “i 4 1,250 6 |: 28 41 | 125 77 855 137 32 0 
Sulzer .. ar he ¥ 2 1,250 4 | 23°6 37 102 76°3 648 168 31 6 
Sulzer (turbo scav. pumps) . .} 2 1,250 Sed Se - 125 —_ — 115 _ 
Ansaldo San Giorgio. . al 2 1,250 | 4 | 24-8 | 35:4 110 | 66 678 _— 30 0 
Camellaird-Fullagar . . al 2 1,250 | + 18°5 26 125 71 540 112 21 6 
' i i 








TABLE ITI.—Savinas WHICH CAN BE EFFECTED BY ALTERING THE DIMENSIONS OF THE SHIP AS A RESULT 
OF THE DECREASE IN MACHINERY WEIGHT. 








| 
As altered to suit : 





| J ieee 
Sulzer Engines. 








TaBLE II.—Comparison of Weights of Machinery, and the 
dvantages gained by the adoption of Two-cycle Engines. 























| 
Bur- Camel- 
meister Sulzer laird- 
Engines. and (turbo Fullagar. 
| Wain. seav.). 
| 
$.H.P. a ie ..| 2,500 | 2,500 2,500 
Weight of two main engines, | 
tons Af “es «o| 384 | 230 224 
Weight of two intermediate | } 
shafts, tons a3 Sy ort. ta gees 35 
Weight of Diesel dynamo | 
sets, tons .. Ai ia] 33 | 60 | 29 
aba BET S HES Bae 
Total weight, tons | 456-2 | 328 288 
Increase in D.W.T. capacity 
of ship, tons we <a — 133-2 168-2 
Increase in D.W.T. capacity, | 
percent. .. ap obs - 1:42 | 1:79 
Fuel consumption, pounds 
pér B.H.P. per hour } -40 -406 *40 
Fuel consumption, tons per | | 
24hours .. a Pp 10°7 10°87 10:7 
Increase in fuel consump- | | 
tion, per cent. a a - | 1°6 Nil 
| 


TaBLeE IV.—Advantages of Two-cycle Engines with 
Reduced Revolutions per Minute. 





With Camellaird-Fullagar Engines. 
S Pe Burmeister | 
M6. Pere: | and Wain cthret toa Geter escee” 

Engines, | First | Second =| First Second 
| Alternative. Alternative. | Alternative. Alternative. 
| | 

Bae ah ee eee GE Sites moet Pp y, wy i | 
S.H.P. mn 2,500 } 2,480 2,460 2,475 2,450 
Speed, knots. . 11:15 | 1L-15 11-15 =| 11°15 11:15 
Length B.P... 425-5 ft 425-5 ft. 429 ft. | 425-5 ft 430 ft. 
Beam.. sh os 55 ft. 54-65 ft. 55 ft. | 54-6 ft 55 ft. 
Depth to shelter deck 38:5 ft 38-3 ft. 38-5 ft. 38°25 ft 38-5 ft 
Draught loaded oa nee ie ‘¥ 28 ft. 27 ft.10in. | 28 ft. | 27ft.9in 28 ft. 
Block coefficient .. sis - je tad -716 } -716 7025 | -716 -70 
Displacement, tons ; ee 7 13,400 13,210 13,250 | 13,160 13,210 
D.W.T. capacity, tons | 9,400 9,400 9,400 9,400 9,400 
Gross tonnage ot a a fi 6,919 6,825 6,840 6,805 6,840 
Net tonnage CSE Ad Gal ing oy, tay tel 5,223 | 5,155 | 5.160 | 5,140 5,160 
Reduction in steel.weight, tons .. <a <a — | 40 0 50 0 
Fuel consumption, pounds B.H.P. hour .. tis 0-40 | 0-406 0-406 | 0-40 0-40 
fuel, tons per 24 hours... as - ad 10-7 | 10-8 } 10°7 | 10°6 10°5 
Per cent. difference in fuel consumption — 0-94 | Nil 0-94 1-87 
increase decrease decrease 

Per cent. decrease in rates and dues based on net 

tonnage .. rte as Me nay. a —_— 1°3 | 1-2 1°6 1-2 








TABLE V.—SuHow1ne INCREASE IN CarGo Capaciry WitrH Two-cycLE ENGINES. 























Sulzer. Camellaird-Fullagar. 
Burmeister | Sa 
Engines. and Wain. | 
| First | Second First Second 
Alternative. | Alternative. Alternative. Alternative. 
¥ | — 
Gross tonnage Sa ‘is - a e 6,919 | 6,825 | 6,840 6,805 6,840 
Engine-room cubic feet — 13 per cent. of gross | | 
tonnage he es a ae be 90,000 } 88,600 89,000 88,500 89,000 
Saving, cubic feet .. a cs p — | 1,400 1,000 1,500 1,000 
Cubic cargo capacity, cubic feet (grain). . 548,450 } 549,850 549,450 549,950 549,450 
Cubic feet per D.W.T. ton.. Sp ae a 58-4 58°5 58-45 58-55 58-45 
! | 





Burmeister and Wain engined ship. In the second | 
alternative the length of the ship is increased, the beam, | 
depth and draught are unaltered, while the block 
coefficient is reduced, thus making a finer ship. The 
author is indebted to Mr. C. Frodsham Holt for the 
calculations of ship dimensions and power required in 
each case. 

In a ship of this size and speed, the tonnage dues over 
a year’s working may amount to from 0-6 to 0-86 of 
the total fuel cost for the year, depending on the ports 
of call and the price of oil. 

A still greater advantage can be gained by the installa- 
tion of two-cycle engines running at a reduced speed, 
say, 90 r.p.m., instead of 125 r.p.m., as with Burmeister 
and Wain engines, on account of the higher propeller | 
efficiency attained at the lower speed. If the ship required 
2,500 s.h.p. to give her 11 knots at 125 r.p.m., then at | 
90 r.p.m. only about 2,350 s.h.p. will be required, a | 
reduction of 6 per cent. The machinery weights will | 
now beasin TableIV. The present Burmeister and Wain | 
engines running at 125 r.p.m. could be replaced by larger | 
Burmeister and Wain engines running at 90 r.p.m., 
but there would be an increase in machinery weight of | 
from 120 to 150 tons, involving an increase in the size | 
of the ship and the power required to attain the same | 
speed, the deadweight carrying capacity of the ship | 
remaining the same. 





The Camellaird-Fullagar engines, | 
on the other hand, give to the ship an increased deadweight | 
carrying capacity of about 100 tons, and at the same | 
time the fuel consumption is reduced by 6 per cent., due | 
to the smaller power required. As an alternative to | 
increasing the deadweight tonnage of the vessel, advan- | 
tage can be taken of the reduction in machinery weight | 
of 100 tons by slightly altering the design of the ship, in | 
which _case the shaft horse-power and the fuel con- | 
sumption would be still further reduced. 

Space Occupied.—The existing engine room of the 
M.S. Peru is equivalent to about 13 per cent. of the gross | 
tonnage of the vessel, and is, therefore, at the lower | 
limit as regards size. Shipowners are unwilling to accept | 
an engine room below this figure on account of the | 
existing regulations governing the calculation of the net 
tonnage on which the dock and harbour dues are based. 
Table Vv. gives the minimum cubic capacity of the engine 
rooms with the various types of engine, taking the engine 
room at 13 per cent. of the gross tonnage in each case. 
Tt will therefore be seen that in the matter of space 
occupied in this type of ship there is no appreciable 
advantage to be obtained by the substitution of two- 
cycle for four-cycle engines so Jong as the present tonnage 
regulations are in force. 

Fuel Consumption.—It is necessary to point out that 
the fuel consumption in two-stroke cycle gas engines 
and petrol engines is greater than in four-cycle engines, 





owing to some of the fuel going direct to exhaust during 
the charging period. Such loss as this cannot occur in 
the two-cycle engine when the fuel is not admitted until 
after compression of the charge of air. Recent develop- 
ments in connection with two-cycle engines have enabled 
them to work with as small fuel consumption as four- 
cycle engines, and it is probable that, as further experi- 
ence is gained with two-cycle engines, the fuel con- 
sumption in these will be appreciably less than in four- 
cycle engines. 

Cost of Machinery.—The cost of an engine depends 
largely on the weight of materials and the amount of 
workmanship involved. The two-stroke cycle engine, 
having usually only four cylinders as against six in the 
four-cycle engine, and having no suction and exhaust 
valves, is very much simpler than the four-stroke cycle 
engine, and the percentage reduction in cost should, 
therefore, be nearly proportional to the percentage 
reduction in weight. The cost of an engine is also largely 
influenced by the degree of standardisation and the 
number of engines of the same type turned out, and, 
therefore, the two-cycle engine has not yet realised its 
full advantage. The cost of auxiliaries bears a consider- 
able proportion of the total cost of machinery in a motor- 
ship, and these auxiliaries, being approximately the 
same with both types of engine, the saving in the total 
cost of the machinery installation is not in proportion 
to the reduction in the weight of the main engines. 

Mechanical and Structural Considerations : Cylinder 
Liners.—Advocates of the four-cycle engine frequently 
point to the cylinder liner as being the weak point of the 
two-cycle engine, and it is sometimes stated that the 
stresses in these liners are nearly twice as great as in 
the four-cycle engine. 

In an article on ‘‘ Temperature Stresses in Large 
Diesel Engine Liners,” in the October, 1920, issue of the 
Motor Ship, Mr. H. F. P. Purday arrived at the conclusion 
that in four-cycle and two-cycle engine cylinders of equal 
diameter the ‘“ equivalent static stress’ in the cylinder 
liner of the latter is 40 per cent. higher than in the former, 
owing to the higher heat stresses involved. It must be 
remembered, however, that the two-cycle engine cylinder 
gives, on an average, 71 per cent. more power than the 
four-cycle engine cylinder. In four-cycle and two-cycle 
engine cylinders of equal power, taking the piston speed 
as 660 ft. per min. and 600 ft. per min., and the brake 
mean pressures as 72. and 69 Ib. per sq. in. respectively, 
the “ equivalent static stress’ will be about 22 per cent. 
higher in the two-cycle engine than im the four-cycle 
engine, according to Mr. Purday’s calculation, if the 
thickness of the liner is such as to give the least stress 
in each case. 

Cylinder Covers.—The mean temperature of the gases 
in the cylinder of the two-cycle engine being higher than 

















Bur- 
meister Camel- 
Engines. | and Sulzer. laird- 
| Wain. Fullagar. 
| 
Total 8.H.P. oe --| 2,500 2,350 2,350 
Total R.P.M. se «st 125 90 90 
Weight of two main engines, 
ons = as ee 384 315 288 
Weight of two intermediate 
shafts, tons ne ot 39°2 37°4 41°3 
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in the four-cycle engine, it might be expected that the 
heat stresses in the cylinder covers would be greater in 
this type of engine. It must be remembered, however, 
that the four-cycle engine cylinder cover contains four 
or five valve pockets, involving an exceedingly compli- 
cated casting, as compared with the smaller cover, 
with only one or two pockets, of the two-cycle cylinder. 
The heat stresses are probably less in the two-cycle 
engine cover, and less trouble has been experienced with 
covers in two-cycle engines of the port scavenging type 
than in four-cycle engines. All cylinder cover difficulties 
are, of course, eliminated in the case of the opposed 
piston engine. 

Pistons.—In the issue of the Motor Ship for April, 
1922 Mr. H. Blache states, as an advantage of the four- 
cycle, engine, that the piston rings can be placed some 
distance below the heated top of the piston, whereas, in 
the two-cycle engine, where the piston is used as a slide 
valve, the rings must be kept near the top of the piston, 
being thus exposed to a higher temperature. It may be 
pointed out, however, that in the Doxford engine the 
first piston ring is about 6 in, from the head of the piston, 
and it would appear, therefore, that no trouble is experi- 
enced due to leakage past the piston crown after the 
first ring has uncovered the ports. This removes the 
foundation of this objection, and the arrangement can 
be applied to the pistons of other two-cycle engines if 
it is found to be necessary. 

Lubrication.—The lubrication of the four-cycle cylinder 
liner and piston is better than in the two-cycle engine, 
in which the liner wall is pierced by scavenge and exhaust 
ports, but advocates of the four-cycle engine lay undue 
stress on this point, as no difficulty is experienced in the 
efficient lubrication of two-cycle engine cylinders. In 
the two-cycle engine a small proportion of the lubricating 
oil is lost. through the exhaust ports, but as the lubricating 
oil consumption is about the same as in four-cycle engines 
of the same power, it is evident that this loss is negligible. 
As regards the lubrication of crank pins and main bear- 
ings, the four-cycle engine is superior to the single piston 
two-cycle engines, these having no reversal of load on the 
bearings to promote efficient lubrication. 

The long piston skirt in two-cycle engines, which takes 
the place of the piston rod, projects into the crank case, 
allowing the oil refuse to mix with the clean lubricating 
oil. The actual quantity of refuse dripping into the 
crank case is small compared with the amount of oil in 
circulation, and as the oil from the crank case is strained 
and cleaned before being returned to the engine bearings, 
it is an open question as to whether in practice this point 
is of any importance. 

Valves.—in the four-cycle engine the exhaust valves 
are a continual source of trouble. These valves are 
usually built with a separate removable seat of special 
material. Even unter the best conditions, when using 
good Diesel engine oil, the suction and exhaust valves 
require grinding-in frequently, and in a twin-screw ship 





with six-cylinder engines the grinding-in of twenty-four 
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valves entails considerable labour on the part of the engine- 
room staff. 

The Ability to Use Boiler Fuel Oil.—Diesel engines 
have been operated up to the present time almost entirely 
on special grades of fuel oil, which cost about 20 per cent. 
more than bojler fuel oils, and are less easily obtain- 
able. It is a matter of great importance to develop 
the Diesel engine so that it may satisfactorily use all 
grades of boiler fuel oil. The two-cycle engine is more 
adapted to the use of this oil, owing to the absence of 
exhaust valves in these engines. 

Piston Cooling.—In the four-cycle engine all telescopic 
tube glands and water connections can be conveniently 
kept outside the crank case, the cylinder being raised 
above the top of the latter. In the two-cycle engine 
some or all of the piston cooling pipes and _ telescopic 
tubes are inside the crank case, but leakage from the 
glands can be collected and drained out of the crank 
case without danger of water getting into the lubricating 
oil, this being merely a matter of design. 

Crankshafts.—There are critics of the use of solid 
crankshafts in two-cycle engines. They state that a 
built-up shaft is better able to withstand distortion of 
the engine due to hogging and sagging of the ship. Two- 
cycle engines, however, frequently use built-up shafts, 
and in any case the necessity for flexibility of the crank- 
shaft is not so marked in the case of the shorter two-cycle 
engine, and especially in the case of the opposed piston 
engine, which is little more than half the length of the 
four-cycle engine for the same power. When a solid 
crankshaft is forged in a hydraulic press and not by 
means of a steam hammer, the steel should be as sound 
even in the webs as in the parts of a built crankshaft. 

Balancing.—It has been frequently stated that the 
four-cycle engine with six cylinders is better balanced 
than the two-cycle engine with four cylinders. It must 
be remembered, however, that in the latter engine the 
reciprocating parts are smaller and lighter than in the 
four-eycle engine. There is little to choose between the 
two engines in the matter of balance. The four-cylinder 
two-cycle engine has, on the other hand, a very much 
more even turning moment. 

Complication.—The two-cycle engine has usually only 
four cylinders as compared with six in the four-cycle 
engine, and the twelve suction and exhaust valves with 
their operating gear are entirely eliminated. On the 
other hand, the two-cycle engine requires the addition of 
a scavenge pump. 

Piston Rings.—The fact that the piston rings have to 
- over the exhaust and suction ports is sometimes put 

orward as a disadvantage of the two-cycle engine, but 
if proper care is taken in the design of the ports and rings, 
and the method of pegging the latter, no trouble is 
experienced. 

General Conclusions.—_A careful consideration of the 
points which have been discussed above leads to the 
conclusion that the mechanical and structural advantages 


and disadvantages of the four-cycle and the two-cycle 
engine are at present fairly evenly balanced between the 


two types. There is no reason, therefore, why the two- 
eycle engine should be less reliable than the four-cycle 
engine, which is confirmed by a study of the records of 
voyages of modern two-cycle engined ships. This 
being the case, the question of which is the best type of 
engine to adopt depends on the fundamental considera- 
tions discussed earlier in the present paper. On these 
points the two-cycle engine shows a marked advantage 
over the four-cycle engine, and this advantage will be 
greatly increased with increased experience and when the 
existing tonnage regulations are revised. 





THE PHYSICAL SOCIETY. 

A MEETING of the Physical Society was held on 
December 8, 1922, at the Imperial College of Science, 
Kensington, Dr. Alexander Russell, M.A., in the chair. 
Three papers were read and discussed. 

1. ““The Relation between Molecular and 
Symmetry as shown by X-Ray Crystal Analysis.”’ This 
paper was read by Mr. G. Shearer, M.A., B.Sc. It 
pointed out that the methods of X-ray analysis enabled 
the number of molecules associated with the unit cell 
to be determined. With the help of this information 
an attempt was made to connect the symmetry pro- 
perties of the crystal with this number and with the 
symmetry properties of the molecules from which the 
crystal is formed. The symmetry number of each of 
the 32 crystal classes was given, and was shown to mean 
the minimum number of asymmetric molecules necessary 
in the unit cell to satisfy the symmetry conditions. The 
relative orientations and positions of these molecules 
in the cell were discussed. It was suggested that this 
symmetry number was the actual number of molecules 
in the cell when the molecule was asymmetric ; further 
that, if the molecule possessed symmetry, this symmetry 
appeared also in the crystal, and the number of molecules 
in the unit cell was obtained by dividing the symmetry 
number of the crystal iy the symmetry number of 
the molecule. Evidence was produced in support of 
these hypotheses and examples were given of their 
application to inorganic and organic crystals. 

Discussion.—Sir William Bragg said that the paper 
before the meeting was an important one, throwing a 
new light on the possibilities of investigating crystal 
structure. The author’s intricate but lucid argument 
afforded a great simplification of the problem. Three 
unitary structures had to be considered: (1) The 
chemical molecule, as it existed in solution; (2) the 
elementary crystal lattice or cell, consisting of groups 
of (3) crystal molecules, in which the atoms and electrons 
were not necessarily arranged in the same manner as 
in chemical molecules. The author’s method enabled 
one to determine the symmetry of these groups at once 
from the geometry of the crystal, with a very little help 
from X-rays. A considerable vista of research was 
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thus opened up, which might serve to settle such 
questions as that of the static versus the dynamic model 
of the atom. 

Dr. J. W. Evans thought that the methods employed 
by Mr. Shearer gave promise of proving of great assistance 
in working out the structure of crystals. There were, 
however, some considerations that must not be neglected : 
(1) It was by no means certain that molecules always 
maintained their identity in the crystalline state. 
(2) Even where they existed in the crystal, they might 
not retain the same form and symmetry as in a free state. 
(3) Although in an ideal crystal all the cells were identical, 
and had identical orientation, this was by no means always 
actually true. We knew that cells of different composi- 
tion might be employed indiscriminately if they were 
approximately the same in form and volume, as in the 
case of the plagioclase felspars. 

In the same way, if the outer forms of cells of the same 
substance approximated to a higher symmetry than the 
cell itself, these cells might, even when differently 
orientated, be employed in building up a crystal structure. 
The same might be true with cells that were enantiomor- 
phically related. In these cases the whole structure 
might have a higher symmetry than the individual cells 
as the result of either (a) a symmetrical arrangement 
of the cells in the nature of molecular or ultramicroscopic 
twinning—twinning was usually an attempt to attain 
higher symmetry—thus forming lattice cells of greater 
size; or (b) indiscriminate occurrence of cells differing 
in orientation or in enantiomorphic character. In the 
former case it might be very difficult to recognise by 
means of X-ray analysis the primary cells. In the latter 
case it would, he thought, be impossible. 

The explanation of the crystalline structure of 
potassium chloride was not convincing. He threw out the 
suggestion that crystal structure might possibly be due 
to the repulsion of the electrons of different atoms 
combined with an attraction of the atoms as a whole. 
If it be supposed that, contrary to the usual view, there 
were six outer electrons in chlorine having their mean 
position arranged like the points of an octahedron, and 
that in potassium there were eight electrons arranged 
like the points of a cube, it would be evident that a 
position of stability would be obtained when the points 
of each chlorine octahedron were opposite the centres of 
faces of the surrounding potassium cubes and the points 
of each potassium cube were opposite the centre of a 
face of a chlorine octahedron, and that the potassiums 
and chlorines would then be arranged alternately in a 
cubic lattice just as we knew to be the case. 

2. ‘* Modification of the Power Method of Determining 
the Structure of Metal Crystals.” A paper on this subject 
was next read by Dr. E. A. Owen, M.A., and Mr. G. D. 
Preston, B.A. It stated that plates of aluminium, 
iron, copper, lead and magnesium had been examined 
by means of the Bragg X-ray spectrometer, employing 
radiation direct from a molybdenum anti-cathode. 
The maxima observed in the spectra were sufficiently 
intense to measure with accuracy, and the crystalline 
structure of the materials examined were readily deter- 
mined. A few of the results obtained by the method 
were included in the paper as typical examples. 

Discussion.—Sir William Bragg said the authors’ 
work indicated that the technique of crystal analysis 
was improving and that its methods were coming into 
general use. A consideration to be borne in mind was 
that one of the crystal planes might become unduly 
accentuated by the polishing process. Further, in the 
case of aluminium and other metals it was possible 
for individual crystals to be very large. 

Dr. G. D. West, after dwelling on the advantages of 
focussing the X-ray beam by inclining the plane in which 
the crystals lie, inquired as to the width of the slits 
employed as the conditions varied, and as to the allow- 
ance to be made for variations in the output of the bulb. 

Mr. Preston, in reply, stated that the authors had been 
careful to use crystals less than 1 mm. in size. The 
chamber slit was kept at 2 mm., and the bulb slit varied 
from 2 mm. to 4 mm. for different parts of the spectrum. 
The output of the bulb could be kept constant by regu- 
lating the filament current, but for moderate accuracy 
little regulation was required. 

3. ““ The Cathode Ray Oscillograph.” 
was by Dr. A. B. Wood. It was read by Captain C. S. 
Wright. This paper dealt with a new form of cathode- 
ray oscillograph adapted for commercial production and 
laboratory use. The instrument described was of the low- 
voltage type, in which a hot cathode was employed as 
a source of the electron current. This low-voltage type 
of oscillograph was much more sensitive than the high- 
voltage cold-cathode type designed by M. Dufour. 
Various methods were described for focussing the 
cathode-ray stream, and a proposal had been made for 
an oscillograph with external (2.e., outside the vacuum) 
photographic film. Experiments had been made to 
determine the most suitable photographic film or plate. 
Ordinary gelatine-coated roll films or plates were un- 
suitable, owing to the marked absorption of the cathode 
rays by the gelatine. The best results had been obtained 
with Schumann plates containing a proportion of calcium 
tungstate. This material phosphoresced with a light 
rich in ultra-violet, and consequently the secondary 
luminous effect on the Schaumann plate was very great. 

Mechanical, electrostatic and electromagnetic methods 
were described for generating a time-axis on the records. 
For certain purposes this time axis was sinusoidal, 
whilst for others it was linear. Numerous records of 
high-frequency alternating-current wave forms and of 
impulsive electrical phenomena had been obtained, and 
a few of thesé were reproduced *n the paper. Brief 
reference was made in conclusion to the applications of 
the oscillograph to research and electrical engineering 
problems, where other well-known forms of oscillograph 
(Duddell, Einthoven, &c., types) cannot be employed 
on account of the inertia of the moving element. 
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Discussion.—Mr. Mines inquired whether any measure- 
ment had been made of the potential gradient in the 
tube with a view to determining the distribution of 
potential along the path of the rays. Was anything 
known of the current density of the rays, and was there 
(as in the are lamp) a limiting value to such current 
density, involving a maximum intensity for the spot 
of light beyond which it would be impossible to go ? 
Had the author tried the focussing effect of charging the 
cylindrical shield to a positive potential of, say, 100 
volts ? 

Mr. R. A. Watson Watt joined in the appreciation of 
Dr. Wood’s lucid account of a most important and 
valuable instrument of research. Perhaps the most 
outstanding feature of his work was the way in which the 
oscillograph had been converted into a robust engineering 
structure, which the “glass shy’ engineer could 
approach with more confidence than he felt towards the 
older forms of blown glass tube, and into an instrument 
with a much higher expectation of life than these older 
forms possessed. 

In considering cathode-ray oscillations in general, one 
should not lose sight of the fact that there was a wide 
field of application for sensitive tubes in which it was 
not necessary to resort to photography with its attendant 
difficulties and complications. Single axis working, in 
which the tube was valuable as a direct reading high- 
frequency voltmeter, was in itself sufficient justification 
for such tubes. But Dufour had shown that in wave form - 
work one could obtain visual images of radio frequency 
wave forms from his high-voltage tubes, while recently, 
by the courtesy of the International Western Electric 
Company he (Mr. Watt) had been able to satisfy himself 
that a reliable visual image of a transient deflection of 
10-4 seconds duration could be obtained with the 300- 
volt beam of their tube. The fluorescent spot had a 
translational speed of about 5 x 10-4 cm. per second 
in this experiment. This, whether due to persistence 
of vision or to persistence of fluorescence, was much more 
satisfactory than one had the right, a priori, to 
expect. 

He would be grateful if Dr. Wood could say whether any 
data were available as to a tube working on the 100 volts, 
which he mentioned as a lower limit. A tube of this 
extreme sensitivity would be most valuable, but he knew 
of no references to a stably operating tube with an 
accelerating voltage below 300 volts. Finally, he would 
like to ask the author whether he had any experience of 
Van der Bijl’s “ positive ion’’ method of focussing, as 
used in the Western Electric tube. It appeared to be 
a method of great value, particularly in view of the fact 
that the commonly-used electromagnetic ‘ paralleling ” 
method reduced the sensitivity of the tube. His ex- 
perience of low-voltage tubes lead him to conclude that 
at the present moment the limitation of sensitivity for 
visual observation lay not in the mechanism of beam 
production or concentration, but in the fluorescent 
materials used for the screen, and that progress in that 


‘direction could still be made. 


Mr. R. 8. Whipple said that the instrument described 
would meet a real demand, as oscillographs using a 
cold cathode were cumbersome and costly, while the one 
under discussion should be within the means of most 
laboratories. The method of phosphorescent sensitisa- 
tion opened up great possibilities. 

4, Demonstration.—A demonstration of a low-voltage 
cathode-ray oscillograph was given by Mr. R. Webb, of 
the International Western Electric Company. This 
instrument, which is designed to work at 300 volts, 
is intended for manufacture on a commercial basis. 
The cathode consists of a hot platinum filament coated 
with certain oxides, and formed into a circle coaxial with 
the path of the rays. It is protected from bombardment 
by positive rays, which would disintegrate it, by a screen 
in which is cut a circular hole slightly less in diameter 
than the filament. It has a life of about 200 hours. 
The anode is a platinum tube through which the rays pass. 
The deflecting fields are electrostatic, and are provided 
by two pairs of plates at right angles. The bulb is in 
the form of a conical flask, the cathode being at the 
narrow end so that the rays impinge on the flat bottom 
which is coated inside with fluorescent matter. The 
luminous trace of the rays can be seen from outside 
through the bottom of the flask. The apparatus was 
connected up to show the characteristic of an oscillation 
generating valve, so that the potential difference between 
one pair of plates was proportional to the grid potential, 
and that between the other pair to the plate current. 
The resulting trace consisted of a single curved line 
terminating in a loop of peculiar form at one end. 








EXAMINATION OF ENGINEERS.—The Board of Trade 
have decided, with a view to economy and efficiency in 
the conduct of the examinations of engineers, to hold them 
at a smaller number of ports than hitherto. On and after 
February 1, 1923, examinations will no longer be held at 
Greenock, West Hartlepool, Bristol and Londonderry, 
but additional examinations will be held at Glasgow. At 
Cardiff, examinations wil] be held in the fourth and fifth 
weeks of the month; at Hull and Leith, examinations 
will be held monthly, and the times of the examinations 
at Dundee will be altered. The ports and times at which 
examinations will be held will be as follows: Aberdeen: 
Third Tuesday ineach month. Belfast: Fourth Tuesday 
in each month. Cardiff: Fourth and Fifth Tuesday in 
the month. Dublin: First Tuesday in each month so 
long as arranged by the Board of Trade on behalf of the 
Irish Free State Government. Dundee: Fourth Tuesday 
in each month. Glasgow: Tuesday in each week. 
Hull: First Tuesday in each month. Leith: Second 
Tuesday in each month. Liverpool: Tuesday in each 
week. London: Tuesday in each week. North Shields: 
Tuesday in each week. Southampton: Second Tuesday 
ineach month, Sunderland: Third Tuesday each month. 
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